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<XDQ�/LDQJ� /L�� =L�;XDQ� &KHQJ�� )X�+XDQ� <X�� &KDR� 7LDQ�� +XDQJ�<LQJ� 7DQ��'HSDUWPHQW� RI�
,QWHJUDWLYH�2QFRORJ\��&KLQD�-DSDQ�)ULHQGVKLS�+RVSLWDO��%HLMLQJ���������&KLQD

<XDQ�/LDQJ�/L��=L�;XDQ�&KHQJ��)X�+XDQ�<X��&KDR�7LDQ��*UDGXDWH�6FKRRO��%HLMLQJ�8QLYHUVLW\�RI�
&KLQHVH�0HGLFLQH��%HLMLQJ���������&KLQD

&RUUHVSRQGLQJ�DXWKRU��+XDQJ�<LQJ�7DQ��0'��3K'��3URIHVVRU��'HSDUWPHQW�RI� ,QWHJUDWLYH�
2QFRORJ\��&KLQD�-DSDQ�)ULHQGVKLS�+RVSLWDO��1R�� ��<LQJKXD\XDQ�(DVW�6WUHHW��&KDR\DQJ�
'LVWULFW��%HLMLQJ���������&KLQD��WDQKXDQJ\LQJ#����QHW

$EVWUDFW
3DQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV��3DQ1(1V��DUH�UDUH�QHRSODVPV�ZLWK�VWURQJ�
KHWHURJHQHLW\�WKDW�KDYH�H[SHULHQFHG�DQ�LQFUHDVLQJ�LQFLGHQFH�UDWH�LQ�UHFHQW�\HDUV��
)RU�SDWLHQWV�ZLWK� ORFDOO\�DGYDQFHG�RU�GLVWDQW�PHWDVWDWLF�3DQ1(1V�� V\VWHPLF�
WUHDWPHQW�RSWLRQV�YDU\�GXH�WR�WKH�GLIIHUHQW�GLIIHUHQWLDWLRQV��JUDGHV�DQG�VWDJHV��
7KH�DYDLODEOH�RSWLRQV�IRU�V\VWHPLF�WKHUDS\�LQFOXGH�VRPDWRVWDWLQ�DQDORJV��PROH�
FXODUO\�WDUJHWHG�DJHQWV��F\WRWR[LF�FKHPRWKHUDSHXWLF�DJHQWV��LPPXQH�FKHFNSRLQW�
LQKLELWRUV�� DQG� SHSWLGH� UHFHSWRU� UDGLRQXFOLGH� WKHUDS\�� ,Q� DGGLWLRQ�� WKH�
GHYHORSPHQW�RI�QRYHO�PROHFXODUO\�WDUJHWHG�DJHQWV�LV�FXUUHQWO\�LQ�SURJUHVV��7KH�
VHTXHQFH�RI�VHOHFWLRQ�EHWZHHQ�GLIIHUHQW�FKHPRWKHUDS\�UHJLPHQV�KDV�EHHQ�RI�JUHDW�
LQWHUHVW��DQG�UHVLVWDQFH�WR�FKHPRWKHUDSHXWLF�DJHQWV�LV�WKH�PDMRU�OLPLWDWLRQ�LQ�WKHLU�
FOLQLFDO�DSSOLFDWLRQ��1RYHO�DJHQWV�DQG�KLJK�OHYHO�FOLQLFDO�HYLGHQFH�FRQWLQXH�WR�
HPHUJH� LQ� WKH� ILHOG�RI� DQWLDQJLRJHQLF� DJHQWV�� 3HSWLGH� UHFHSWRU� UDGLRQXFOLGH�
WKHUDS\�LV�LQFUHDVLQJO\�HPSOR\HG�IRU�WKH�WUHDWPHQW�RI�DGYDQFHG�QHXURHQGRFULQH�
WXPRUV��DQG�JUHDWHU�WKHUDSHXWLF�HIILFDF\�PD\�EH�DFKLHYHG�E\�HPHUJLQJ�UDGLR�
ODEHOHG�SHSWLGHV��6LQFH�LPPXQH�FKHFNSRLQW�LQKLELWRU�PRQRWKHUDSLHV�IRU�3DQ1(1V�
DSSHDU�WR�KDYH�OLPLWHG�DQWLWXPRU�DFWLYLW\��GXDO� LPPXQH�FKHFNSRLQW� LQKLELWRU�
WKHUDSLHV�RU�FRPELQDWLRQV�RI�DQWLDQJLRJHQLF�WKHUDSLHV�DQG�LPPXQH�FKHFNSRLQW�
LQKLELWRUV�KDYH�EHHQ�DSSOLHG�LQ�WKH�FOLQLF�WR�LPSURYH�FOLQLFDO�HIILFDF\��&RPELQLQJ�
WKH�XVH�RI�D�YDULHW\�RI�DJHQWV�ZLWK�GLIIHUHQW�PHFKDQLVPV�RI�DFWLRQ�SURYLGHV�QHZ�
SRVVLELOLWLHV�IRU�FOLQLFDO�WUHDWPHQWV��,Q�WKH�IXWXUH��WKH�VWXG\�RI�V\VWHPLF�WKHUDSLHV�
ZLOO�FRQWLQXH�WR�IRFXV�RQ�WKH�VFUHHQLQJ�RI�WKH�RSWLPDO�EHQHILW�SRSXODWLRQ�DQG�WKH�
VHOHFWLRQ�RI�WKH�EHVW�WUHDWPHQW�VHTXHQFH�VWUDWHJ\�ZLWK�WKH�DLP�RI�WUXO\�DFKLHYLQJ�
LQGLYLGXDOL]HG�SUHFLVH�WUHDWPHQW�RI�3DQ1(1V�

.H\�:RUGV��3DQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV��$GYDQFHG�QHXURHQGRFULQH�WXPRUV��
0HGLFDO�WUHDWPHQW��3HSWLGH�UHFHSWRU�UDGLRQXFOLGH�WKHUDS\��$GYDQFHV
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�7KH�$XWKRU�V��������3XEOLVKHG�E\�%DLVKLGHQJ�3XEOLVKLQJ�*URXS�,QF��$OO�ULJKWV�UHVHUYHG�

&RUH�7LS��3DQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV��3DQ1(1V��DUH�UDUH�QHRSODVPV�ZLWK�VWURQJ�KHWHURJHQHLW\��
7KH�V\VWHPLF�WUHDWPHQW�RSWLRQV�RI�DGYDQFHG�3DQ1(1V�YDU\�GXH�WR�WKH�GLIIHUHQW�GLIIHUHQWLDWLRQV��JUDGHV�
DQG�VWDJHV�DQG�LQFOXGH�VRPDWRVWDWLQ�DQDORJV��PROHFXODUO\�WDUJHWHG�DJHQWV��F\WRWR[LF�FKHPRWKHUDSHXWLF�
DJHQWV��LPPXQH�FKHFNSRLQW�LQKLELWRUV��DQG�SHSWLGH�UHFHSWRU�UDGLRQXFOLGH�WKHUDS\��'HVSLWH�WKH�PXOWLSOH�
V\VWHPLF�WKHUDSHXWLF�RSWLRQV�IRU�3DQ1(1V��SUREOHPV�VXFK�DV�GUXJ�UHVLVWDQFH��DGYHUVH�VLGH�HIIHFWV�DQG�
OLPLWHG�VFRSH�RI�DSSOLFDWLRQ�VWLOO�H[LVW��7KXV��ZH�UHYLHZ�WKH�FOLQLFDO�GHYHORSPHQW�RI�PHGLFDO�WUHDWPHQW�
RSWLRQV��IRFXVLQJ�RQ�RQJRLQJ�FOLQLFDO�VWXGLHV�DQG�WKH�GHYHORSPHQW�RI�QRYHO�WDUJHWHG�GUXJV��WR�SURYLGH�D�
UHIHUHQFH�IRU�FOLQLFLDQV�DQG�UHVHDUFKHUV�

&LWDWLRQ��/L�</��&KHQJ�=;��<X�)+��7LDQ�&��7DQ�+<��$GYDQFHV�LQ�PHGLFDO�WUHDWPHQW�IRU�SDQFUHDWLF�QHXURHQGRFULQH�
QHRSODVPV��:RUOG�-�*DVWURHQWHURO������������������������
85/��KWWSV���ZZZ�ZMJQHW�FRP�����������IXOO�Y���L��������KWP
'2,��KWWSV���G[�GRL�RUJ���������ZMJ�Y���L�������

,1752'8&7,21
1HXURHQGRFULQH�QHRSODVPV��1(1V��DUH�D�JURXS�RI�UDUH�QHRSODVPV�RULJLQDWLQJ�IURP�QHXURHQGRFULQH�
FHOOV��+RZHYHU��ZLWK� WKH�GHYHORSPHQW�RI�GLDJQRVWLF� WHFKQLTXHV�DQG� LPSURYHPHQWV� LQ� WKH�FOLQLFDO�
XQGHUVWDQGLQJ� RI� WKHVH� WXPRUV�� WKH� LQFLGHQFH� LV� LQFUHDVLQJ� \HDUO\�� %DVHG� RQ� WKH�8QLWHG� 6WDWHV�
6XUYHLOODQFH��(SLGHPLRORJ\�� DQG�(QG�5HVXOWV�GDWDEDVH�� WKH� DJH�DGMXVWHG� LQFLGHQFH�RI�1(1V�KDV�
LQFUHDVHG�QHDUO\�����IROG�IURP������SHU��������SHUVRQV�LQ������WR������SHU��������LQ�������7KH�SDQFUHDV�
������SHU��������SHUVRQV��LV�RQH�RI�WKH�PRVW�FRPPRQ�SULPDU\�VLWHV�RI�1(1V��UDQNHG�DIWHU�WKH�OXQJ��VPDOO�
LQWHVWLQH��DQG�UHFWXP>�@��,Q�FRXQWULHV�VXFK�DV�&KLQD�DQG�,QGLD��SDQFUHDWLF�1(1V��3DQ1(7V��DUH�WKH�PRVW�
FRPPRQ�JDVWURHQWHURSDQFUHDWLF�QHXURHQGRFULQH�WXPRUV��*(3�1(7V��DQG�KDYH�WKH�KLJKHVW�PRUELGLW\
>�@�
3DQ1(1V�DUH�KLJKO\�KHWHURJHQHRXV�QHRSODVPV�WKDW�DSSHDU�DV�YDULRXV�FOLQLFDO�PDQLIHVWDWLRQV�DQG�

ELRORJLFDO�EHKDYLRUV��3DQ1(1V�FDQ�EH�FODVVLILHG�DV�QRQIXQFWLRQDO�3DQ1(1V�����������RU�IXQFWLRQDO�
3DQ1(7V�EDVHG�RQ�WKH�DEVHQFH�RU�SUHVHQFH�RI�V\PSWRPV�DVVRFLDWHG�ZLWK�WKH�RYHUSURGXFWLRQ�RI�VSHFLILF�
KRUPRQHV��UHVSHFWLYHO\>�@��7KH�PRVW�FRPPRQ�IXQFWLRQDO�3DQ1(7V�DUH�JDVWULQRPDV�DQG�LQVXOLQRPDV��
OHVV�IUHTXHQW�DUH�JOXFDJRQRPDV��VRPDWRVWDWLQRPDV��YDVRDFWLYH�LQWHVWLQDO�SRO\SHSWLGH�VHFUHWLQJ�WXPRUV��
DQG� DGUHQRFRUWLFRWURSLF� KRUPRQH�VHFUHWLQJ� WXPRUV>���@��7KH�PDMRULW\� RI� 3DQ1(7V� DUH� VSRUDGLF��
DOWKRXJK�3DQ1(7V� FDQ�RFFXU� DV�SDUW� RI�KHUHGLWDU\�PXOWLSOH� WXPRU� V\QGURPHV�� VXFK�DV�PXOWLSOH�
HQGRFULQH�QHRSODVLD�W\SH���DQG�YRQ�+LSSHO�/LQGDX��9+/��GLVHDVH>�@��3DQ1(1V�DUH�FODVVLILHG�LQWR�WKUHH�
PDLQ�KLVWRORJLFDO�FDWHJRULHV�DFFRUGLQJ�WR�WKH������:RUOG�+HDOWK�2UJDQL]DWLRQ�&ODVVLILFDWLRQ�RI�7XPRUV�
RI�WKH�'LJHVWLYH�6\VWHP���WK�HGLWLRQ���ZHOO�GLIIHUHQWLDWHG�QHXURHQGRFULQH�WXPRUV��1(7V���SRRUO\�GLIIHUHQ�
WLDWHG�QHXURHQGRFULQH�FDUFLQRPDV��1(&V���DQG�PL[HG�QHXURHQGRFULQH�QRQ�QHXURHQGRFULQH�QHRSODVPV��
1(7V�DUH�IXUWKHU�FODVVLILHG�LQWR�WKUHH�JUDGHV��*���*���DQG�*���DFFRUGLQJ�WR�WKHLU�PLWRWLF�UDWH��PLWRVHV���
PP���DQG�.L����SUROLIHUDWLRQ�LQGH[>�@��3DQ1(1V�FOLQLFDO�VWDJLQJ�LV�FXUUHQWO\�EDVHG�RQ�WKH�HLJKWK�HGLWLRQ�
RI�WKH�$PHULFDQ�-RLQW�&RPPLWWHH�RQ�&DQFHU�WXPRU�QRGH�PHWDVWDVLV��710��VWDJLQJ�V\VWHP��:HOO�GLIIHU�
HQWLDWHG�3DQ1(7V�DUH�VWDJHG�E\�3DQ1(1V�710V��ZKHUHDV�SRRUO\�GLIIHUHQWLDWHG�3DQ1(&V�DUH�VWDJHG�
DFFRUGLQJ�WR�WKH�710�VWDJLQJ�RI�SDQFUHDWLF�FDQFHU>��@�
7KHUDSHXWLF�VWUDWHJLHV�YDU\�GXH�WR�WKH�GLIIHUHQW�JUDGHV�DQG�VWDJHV�RI�3DQ1(1V��5DGLFDO�VXUJHU\�LV�WKH�

SULPDU\�WUHDWPHQW�RSWLRQ�IRU�SDWLHQWV�ZLWK�ORFDOO\�UHVHFWDEOH�3DQ1(1V��KRZHYHU����������RI�1(1V�
SUHVHQW�ZLWK�GLVWDQW�PHWDVWDVHV�DW�WKH�WLPH�RI�LQLWLDO�GLDJQRVLV��OLPLWLQJ�WKH�RSSRUWXQLW\�IRU�VXUJLFDO�
UHVHFWLRQ��0RUHRYHU��PDQ\�SDWLHQWV�ZLWK�UHVHFWHG�3DQ1(1V�ZLOO�GHYHORS�UHFXUUHQFH�ZLWK�GLVWDQW�
PHWDVWDVHV>�����@��6\VWHPLF�WKHUDSHXWLF�RSWLRQV�IRU�SDWLHQWV�ZLWK�ORFDOO\�DGYDQFHG�RU�GLVWDQW�PHWDVWDWLF�
3DQ1(1V�LQYROYH�VRPDWRVWDWLQ�DQDORJV��66$V���PROHFXODUO\�WDUJHWHG�DJHQWV��F\WRWR[LF�FKHPRWKHUD�
SHXWLF�DJHQWV�� LPPXQH�FKHFNSRLQW� LQKLELWRUV�� DQG�SHSWLGH� UHFHSWRU� UDGLRQXFOLGH� WKHUDS\� �3557��
�)LJXUH����
7KH�WKHUDSHXWLF�JRDOV�IRU�SDWLHQWV�ZLWK�ORFDOO\�XQUHVHFWDEOH�DQG�PHWDVWDWLF�3DQ1(1V�LQFOXGH�ERWK�

KRUPRQH�FRQWURO�DQG�DQWL�WXPRU�WKHUDS\��7KH�VFRSH�RI�WKLV�DUWLFOH�GRHV�QRW�LQFOXGH�PHGLFDO�WUHDWPHQWV�
IRU�WKH�FRQWURO�RI�IXQFWLRQDO�3DQ1(1V�KRUPRQH�UHODWHG�V\PSWRPV��EXW�UDWKHU�IRFXVHV�RQ�DQWL�WXPRU�
WKHUDS\��'HVSLWH� WKH�PXOWLSOH�V\VWHPLF� WKHUDSHXWLF�RSWLRQV� IRU�3DQ1(1V��SUREOHPV�VXFK�DV�GUXJ�
UHVLVWDQFH��DGYHUVH�VLGH�HIIHFWV�DQG�OLPLWHG�VFRSH�RI�DSSOLFDWLRQ�VWLOO�H[LVW��DQG�FOLQLFDO�QHHGV�KDYH�QRW�
EHHQ�PHW��7KXV��FRQTXHULQJ�GUXJ�UHVLVWDQFH��H[SDQGLQJ�WKH�VFRSH�RI�DSSOLFDWLRQ�DQG�GHYHORSLQJ�QHZ�
FOLQLFDO�GUXJV�KDYH�EHHQ�WKH�PDLQ�IRFXV�RI�UHVHDUFKHUV�LQ�UHFHQW�GHFDGHV��7KLV�DUWLFOH�UHYLHZV�WKH�FOLQLFDO�
GHYHORSPHQW�RI�H[LVWLQJ�GUXJV��IRFXVLQJ�RQ�RQJRLQJ�FOLQLFDO�VWXGLHV�DQG�WKH�GHYHORSPHQW�RI�QRYHO�
WDUJHWHG�GUXJV��WR�SURYLGH�D�UHIHUHQFH�IRU�DGGUHVVLQJ�WKH�FXUUHQW�FOLQLFDO�WUHDWPHQW�GLOHPPD�DQG�WKH�
IXWXUH�GLUHFWLRQ�RI�3DQ1(1V�GUXJ�UHVHDUFK�
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)LJXUH���+LVWRU\�DQG�NH\�HYHQWV�LQ�WKH�GHYHORSPHQW�RI�SDQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV�V\VWHPLF�WKHUDS\��3557��3HSWLGH�UHFHSWRU�
UDGLRQXFOLGH�WKHUDS\��66$V��6RPDWRVWDWLQ�DQDORJV��3'�/���3URJUDPPHG�FHOO�GHDWK�OLJDQG���LQKLELWRU��3'����3URJUDPPHG�FHOO�GHDWK���LQKLELWRU��&7/$����&\WRWR[LF�7�

O\PSKRF\WH� DQWLJHQ� �� LQKLELWRU�� 67=�� 6WUHSWR]RWRFLQ��&$37(0��&DSHFLWDELQH� DQG� WHPR]RORPLGH� UHJLPHQ�� 3520,'>��@��1&7����������&/$5,1(7>��@��

1&7����������681�,,,>��@��1&7����������5$',$17��>��@��1&7����������6$1(7�3>��@��1&7����������1(77(5��>��@��1&7���������

$'9$1&(6�,1�&+(027+(5$3<
6\VWHPLF� WUHDWPHQW� ZLWK� FKHPRWKHUDS\� LV� RQH� RI� WKH�PDLQ� WKHUDSLHV� IRU� DGYDQFHG� 3DQ1(1V��
$SSURSULDWH�FKHPRWKHUDS\�UHJLPHQV�DUH�GHOLYHUHG�DFFRUGLQJ�WR�SDWKRORJLFDO�FODVVLILFDWLRQ�DQG�JUDGHV��
PDLQO\�LQFOXGLQJ�WHPR]RORPLGH�EDVHG�FRPELQDWLRQ�UHJLPHQV�DQG�SODWLQXP�EDVHG�UHJLPHQV��$PRQJ�
WKHP��WHPR]RORPLGH�EDVHG�FRPELQDWLRQ�FKHPRWKHUDS\��&$37(0�DQG�67(0��UHJLPHQV�FDQ�EH�XVHG�IRU�
WKH� ILUVW�OLQH� WUHDWPHQW�RI�SDWLHQWV�ZLWK�DGYDQFHG�3DQ1(7V�*��*�>�����@�DQG�IRU� WKH�VHFRQG�OLQH�
WUHDWPHQW�RI�SDWLHQWV�ZLWK�3DQ1(&V>�����@��7KH�V\QHUJLVWLF�HIIHFW�RI�FDSHFLWDELQH�LQ�FRPELQDWLRQ�ZLWK�
WHPR]RORPLGH�FKHPRWKHUDS\�PD\�EH�GXH�WR�LWV�DELOLW\�WR�GHSOHWH�2��PHWK\OJXDQLQH�'1$�PHWK\OWUDQV�
IHUDVH��0*07��OHYHOV�LQ�WXPRU�FHOOV��WKHUHE\�HQKDQFLQJ�WKH�DON\ODWLQJ�HIIHFW�RI�WHPR]RORPLGH>��@��7KH�
DVVRFLDWLRQ�EHWZHHQ�0*07�H[SUHVVLRQ�VWDWXV�DQG�WHPR]RORPLGH�HIILFDF\�KDV�EHHQ�GHPRQVWUDWHG�LQ�
RWKHU�WXPRU�W\SHV��DQG�VHYHUDO�VWXGLHV�LQ�1(1V�KDYH�VXJJHVWHG�WKDW�0*07�SURPRWHU�PHWK\ODWLRQ�RU�
ORZ�SURWHLQ�H[SUHVVLRQ�FRUUHODWHV�EHWWHU�ZLWK�D�IDYRUDEOH�WKHUDSHXWLF�UHVSRQVH�WR�WHPR]RORPLGH�DQG�WKDW�
0*07�VWDWXV�FDQ�EH�XVHG�DV�D�ELRORJLFDO�LQGLFDWRU�RI�WKH�UHVSRQVH�WR�DON\ODWLQJ�DJHQW�WUHDWPHQW�LQ�
1(1V>�����@��+RZHYHU��EHFDXVH�PRVW�RI�WKH�FXUUHQW�VWXGLHV�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�0*07�VWDWXV�
DQG� WHPR]RORPLGH�HIILFDF\�DUH� VPDOO�VDPSOH�� UHWURVSHFWLYH�VWXGLHV�� WKHUH� LV� VRPH�FRQWURYHUV\��$�
SURVSHFWLYH�VWXG\��1&7����������RI�WKH�UHODWLRQVKLS�EHWZHHQ�0*07�VWDWXV�DQG�WHPR]RORPLGH�HIILFDF\�
LQ�1(7V� LV�XQGHUZD\� LQ�ZKLFK�SDWLHQWV�ZLWK�DGYDQFHG�1(7V�KDYH�EHHQ�GLYLGHG� LQWR� WZR�JURXSV�
DFFRUGLQJ�WR�ZKHWKHU�WKH\�KDYH�0*07�PHWK\ODWLRQ�DQG�DUH�UHFHLYLQJ�WHPR]RORPLGH�RU�R[DOLSODWLQ�
EDVHG�FKHPRWKHUDS\�DW�D������XQPHWK\ODWHG�JURXS��DQG������PHWK\ODWHG�JURXS��UDWLR��UHVSHFWLYHO\��255�
ZDV� XVHG� DV� WKH� SULPDU\� RXWFRPH� LQGLFDWRU>��@��$GGLWLRQDO� SURVSHFWLYH� VWXGLHV� �1&7����������
1&7����������1&7����������KDYH�HYDOXDWHG�0*07�VWDWXV�DV�D�VHFRQGDU\�RXWFRPH�
,Q�FOLQLFDO�SUDFWLFH��GUXJ�UHVLVWDQFH�LV�RQH�RI�WKH�PDMRU�REVWDFOHV�WR�WKH�HIIHFWLYH�WUHDWPHQW�RI�WHPR]R�

ORPLGH�EDVHG�FKHPRWKHUDS\�LQ�3DQ1(1V��&XUUHQW�VWXGLHV�RQ�WHPR]RORPLGH�UHVLVWDQFH�PHFKDQLVPV�DUH�
PDLQO\�FRQGXFWHG�LQ�WKH�ILHOG�RI�JOLRPD��,Q�DGGLWLRQ�WR�WKH�RYHUH[SUHVVLRQ�RI�0*07��WKH�RYHUH[SUHVVLRQ�
RI�WKH�EDVH�H[FLVLRQ�UHSDLU��%(5��SDWKZD\��DOWHUDWLRQ�RI�DXWRSKDJ\��DQG�DFWLYDWLRQ�RI�WKH�SKRVSKRLQ�
RVLWLGH���NLQDVH�SURWHLQ�NLQDVH�%�PDPPDOLDQ� WDUJHW�RI� UDSDP\FLQ� �3,�.�$.7�P725��SDWKZD\�
FRQWULEXWH� WR� DFTXLUHG� WHPR]RORPLGH� UHVLVWDQFH>��@��:X� HW� DO>��@� IRXQG� HQKDQFHG� WHPR]RORPLGH�
VHQVLWLYLW\�LQ�D�SUHFOLQLFDO�VWXG\�RI�JOLREODVWRPD�PXOWLIRUPH��*%0��WKDW�SRO\��$'3�ULERVH��SRO\PHUDVH�
�3$53��LQKLELWRUV��SDUWLFXODUO\�LQ�0*07�XQPHWK\ODWHG�*%0��DQG�WKLV�HIIHFW�PD\�EH�PHGLDWHG�E\�
LQKLELWLRQ�RI�0*07�PHGLDWHG�UHSDLU�E\�DEROLVKLQJ�0*07�IXQFWLRQ�DQG�LQKLELWLRQ�RI�%(5�PHGLDWHG�
UHSDLU��)LJXUH�����7KHUHIRUH��WKH�FRPELQDWLRQ�RI�3$53�LQKLELWRUV�DQG�WHPR]RORPLGH�PD\�EH�RQH�VROXWLRQ�
IRU�RYHUFRPLQJ�WHPR]RORPLGH�UHVLVWDQFH��DQG�FOLQLFDO� WULDOV�DSSO\LQJ�WKLV�FRPELQDWLRQ�UHJLPHQ�LQ�
SDWLHQWV�ZLWK�VPDOO�FHOO� OXQJ�FDQFHU�KDYH�\LHOGHG�JRRG�FOLQLFDO�UHVXOWV>��@��$�SKDVH�,,�FOLQLFDO� WULDO�
�1&7����������LV�FXUUHQWO\�HYDOXDWLQJ�WKH�HIILFDF\�RI�VLQJOH�DJHQW�WHPR]RORPLGH�YV�WKH�FRPELQDWLRQ�RI�
WHPR]RORPLGH� DQG�RODSDULE� LQ�SDWLHQWV�ZLWK� DGYDQFHG�SKHRFKURPRF\WRPD� DQG�SDUDJDQJOLRPD��
KRZHYHU��QR�FOLQLFDO�WULDOV�RI�WHPR]RORPLGH�LQ�FRPELQDWLRQ�ZLWK�3$53�LQKLELWRUV�IRU�3DQ1(1V�KDYH�
EHHQ�FRQGXFWHG��7HPR]RORPLGH�UHVLVWDQFH�KDV�DOVR�EHHQ�REVHUYHG�WR�EH�DVVRFLDWHG�ZLWK�DFWLYDWLRQ�RI�WKH�
3,�.�$.7�P725�SDWKZD\��DQG�LQKLELWLRQ�RI�WKH�3,�.�$.7�P725�SDWKZD\�VHQVLWL]HV�WXPRU�FHOOV�WR�
DSRSWRVLV�XSRQ�WHPR]RORPLGH�WUHDWPHQW>��@��,Q�D�SURVSHFWLYH�SKDVH�,,�FOLQLFDO�WULDO��WHPR]RORPLGH�LQ�
FRPELQDWLRQ�ZLWK�HYHUROLPXV�DV�VHFRQG�OLQH�WKHUDS\�IRU�DGYDQFHG�3DQ1(7V�UHVXOWHG�LQ�DQ�255�RI�����
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)LJXUH���0ROHFXODU�PHFKDQLVPV�RI�WKH�DFWLRQ�RI�VRPDWRVWDWLQ�DQDORJ��DQWLDQJLRJHQLF�DJHQWV��HYHUROLPXV��WHPR]RORPLGH��RODSDULE��DQG�
PHWIRUPLQ�RQ�SDQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV�DQG�LQWHUDFWLRQV��)*)5��)LEUREODVW�JURZWK�IDFWRU�UHFHSWRU��(*)5��(SLGHUPDO�JURZWK�IDFWRU�
UHFHSWRU��9(*)5��9DVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU�UHFHSWRU��,*)����7\SH���LQVXOLQ�OLNH�JURZWK�IDFWRU��,*)��5��7\SH���LQVXOLQ�OLNH�JURZWK�IDFWRU�UHFHSWRU��6675��

6RPDWRVWDWLQ�UHFHSWRU��3,�.��3KRVSKRLQRVLWLGH���NLQDVH��3,3���3KRVSKDWLG\OLQRVLWRO�����ELVSKRVSKDWH��3,3���3KRVSKDWLG\OLQRVLWRO�������WULSKRVSKDWH��$.7��3URWHLQ�

NLQDVH�%��P725&���0HFKDQLVWLF�WDUJHW�RI�UDSDP\FLQ�FRPSOH[����P725&���0HFKDQLVWLF�WDUJHW�RI�UDSDP\FLQ�FRPSOH[����,56���,QVXOLQ�UHFHSWRU�VXEVWUDWH����$03.��

$GHQRVLQH��¶�PRQRSKRVSKDWH�DFWLYDWHG�SURWHLQ�NLQDVH��76&���7XEHURXV�VFOHURVLV�FRPSOH[����76&���7XEHURXV�VFOHURVLV�FRPSOH[����626��6RQ�RI�VHYHQOHVV��5$6��

5DW�VDUFRPD�YLUXV��5$)��5DSLGO\�DFFHOHUDWHG�ILEURVDUFRPD��0(.��0HWK\O�HWK\O�NHWRQH��(5.��([WUDFHOOXODU�VLJQDO�UHJXODWHG�NLQDVH��%(5��%DVH�H[FLVLRQ�UHSDLU��0*07��

2��PHWK\OJXDQLQH�'1$�PHWK\OWUDQVIHUDVH��3$53��3RO\��$'3�ULERVH��SRO\PHUDVH��&LWDWLRQ��&UHDWHG�ZLWK�%LR5HQGHU�FRP�

DQG�D�PHGLDQ�3)6�RI������PR��ZLWK�QR�V\QHUJLVWLF�WR[LFLW\�REVHUYHG>��@�
7KH�PRVW� IUHTXHQW�FKHPRWKHUDS\�VFKHPHV� LQ�DGYDQFHG�3DQ1(&V�DUH�SODWLQXP�EDVHG� �(3��(&��

UHJLPHQV�IRU�ILUVW�OLQH�WKHUDS\�DQG�)2/)2;��)2/),5,��RU�&$37(0�UHJLPHQV�IRU�VHFRQG�OLQH�WKHUDS\
>��������@��)RU� RWKHU� RSWLRQV� RI� ILUVW�OLQH� WUHDWPHQW� UHJLPHQV� IRU� 3DQ1(&V�� D� SURVSHFWLYH� VWXG\�
�1&7����������LV�HYDOXDWLQJ�WKH�P)2/),5,12;�UHJLPHQ�YV�WKH�(3�(&�UHJLPHQ�IRU�DGYDQFHG�JDVWURHQ�
WHURSDQFUHDWLF� QHXURHQGRFULQH� FDUFLQRPDV� �*(3�1(&V�� DV� ILUVW�OLQH� WKHUDS\�� $QRWKHU� VWXG\�
�1&7����������LV�HYDOXDWLQJ�WKH�HIILFLHQF\�RI�WKH�&$37(0�UHJLPHQ�YV�WKH�)2/),5,�UHJLPHQ�DV�VHFRQG�
OLQH�WKHUDS\�IRU�DGYDQFHG�1(&V��7KHVH�SURVSHFWLYH�FOLQLFDO�VWXGLHV�SURYLGH�DGGLWLRQDO�WUHDWPHQW�RSWLRQV�
IRU�SDWLHQWV�ZLWK�DGYDQFHG�3DQ1(&V�DQG�KLJK�OHYHO�HYLGHQFH�IRU�FOLQLFDO�GHFLVLRQ�PDNLQJ�

$'9$1&(6�,1�620$7267$7,1�$1$/2*6
66$V��ZLWK�WKHLU�DQWLVHFUHWRU\�DQG�DQWLSUROLIHUDWLYH�HIIHFWV��DUH�VRPH�RI�WKH�PRVW�FRPPRQ�ILUVW�OLQH�
WUHDWPHQWV�IRU�SDWLHQWV�ZLWK�DGYDQFHG�3DQ1(1V�DQG�FDQ�EH�XVHG�WR�FRQWURO�KRUPRQDO�V\PSWRPV�LQ�
SDWLHQWV�ZLWK�IXQFWLRQDO�3DQ1(7V>��@�DQG�IRU�SDWLHQWV�ZLWK�DGYDQFHG�QRQIXQFWLRQDO�3DQ1(1V�WR�SOD\�
DQ�DQWLSUROLIHUDWLYH�UROH��66$V�DUH�SULPDU\�WUHDWPHQW�RSWLRQV�IRU�SDWLHQWV�ZLWK�3DQ1(7V�*��*���.L������
�����6675�SRVLWLYH��DQG�VORZ�JURZLQJ�WXPRUV>�����������@��7KH�PRVW�ZLGHO\�XVHG�FOLQLFDO�66$V�LQFOXGH�
RFWUHRWLGH�/$5�DQG�ODQUHRWLGH�DXWRJHO��ERWK�RI�ZKLFK�ELQG�SULPDULO\�WR�6675��DQG�6675��
6HYHUDO� LQYHVWLJDWRUV�KDYH�DOVR�HYDOXDWHG� WKH�HIILFDF\�RI�66$V� LQ�H[HUWLQJ�DQWLWXPRU�HIIHFWV� LQ�

3DQ1(1V�ZLWK�.L�����������$�PXOWLFHQWHU�UHWURVSHFWLYH�VWXG\�LQFOXGHG�DGYDQFHG��ZHOO�GLIIHUHQWLDWHG�
3DQ1(7V�ZLWK�.L����RI���������UHFHLYLQJ�ILUVW�OLQH��ORQJ�DFWLQJ�66$V�DQG�REVHUYHG�WKDW�66$V�VWLOO�H[HUW�
DQWLSUROLIHUDWLYH�DFWLYLW\�DJDLQVW�3DQ1(7V�ZLWK�.L����������EXW�KDYH�OLPLWHG�HIIHFW�LQ�3DQ1(7V�ZLWK�
KLJK�JUDGH��*���DQG�KHSDWLF�WXPRU�ORDG�!����>��@�
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,Q�FOLQLFDO�SUDFWLFH��XVLQJ�66$V�DW�QRQFRQYHQWLRQDO�KLJK�GRVHV� �LQFUHDVHG�DGPLQLVWHUHG�GRVH�RU�
UHGXFHG�DGPLQLVWUDWLRQ�LQWHUYDO��LV�D�FRPPRQ�HPSLULFDO�RSWLRQ�LQ�SDWLHQWV�ZLWK�SURJUHVVLRQ�3DQ1(7V�
RQ�D�VWDQGDUG�66$�ILUVW�OLQH�WUHDWPHQW>��@��$�PXOWLFHQWHU�UHWURVSHFWLYH�VWXG\�RI�QRQFRQYHQWLRQDO�GRVHV�
RI�66$V�IRU�*(3�1(7V�VKRZHG�WKDW�LQ�ZHOO�GLIIHUHQWLDWHG�*��*��*(3�1(7V��WKH�RYHUDOO�PHGLDQ�3)6�
ZDV����PR�ZLWK�KLJK�GRVH�66$� �+'�66$�� WKHUDS\�DIWHU�SURJUHVVLRQ�RQ�D� VWDQGDUG�66$� WKHUDS\��
VXJJHVWLQJ�WKDW�+'�66$V�DUH�DFWLYH�DQG�VDIH�WUHDWPHQW�RSWLRQV�LQ�SDWLHQWV�ZLWK�SURJUHVVLYH�ZHOO�GLIIHU�
HQWLDWHG�*(3�1(7V>��@��$�SURVSHFWLYH�VLQJOH�DUP�SKDVH�,,�VWXG\��1&7����������DVVHVVHG�WKH�HIILFDF\�RI�
LQFUHDVLQJ�WKH�GRVH�IUHTXHQF\�RI�����PJ�ODQUHRWLGH�DXWRJHO��/$1��LQ����SDWLHQWV�ZLWK�SURJUHVVLYH�
*��*��3DQ1(7V�DQG�VKRZHG�WKDW�����PJ�/$1�HYHU\����G�LQ�3DQ1(7V��SURJUHVVLYH�RQ�VWDQGDUG�����
PJ�/$1�HYHU\����G��SURGXFHG�SURPLVLQJ�3)6�DQG�'&5��HVSHFLDOO\�LQ�SDWLHQWV�ZLWK�.L���������>��@�
,Q�DGGLWLRQ��66$V�LQ�FRPELQDWLRQ�ZLWK�RWKHU�DJHQWV��FKHPRWKHUDS\�DJHQWV��DQWLDQJLRJHQLF�WKHUDSLHV��

HYHUROLPXV��LPPXQH�FKHFNSRLQW�LQKLELWRUV��HWF���DUH�DOVR�IUHTXHQW�VHFRQG�OLQH�WUHDWPHQW�RSWLRQV�LQ�UHDO�
ZRUOG�VWXGLHV>��@��66$�FRPELQDWLRQ�WKHUDS\�PD\�KDYH�EHWWHU�HIILFDF\�LQ�ZHOO�GLIIHUHQWLDWHG�3DQ1(7V�
ZLWK�.L���� !� ����RU� KLJK� WXPRU� EXUGHQ�� DQG� D� SURVSHFWLYH�PXOWLFHQWHU� SKDVH� ,,� FOLQLFDO� VWXG\�
�1&7����������HYDOXDWLQJ�WKH�HIILFDF\�RI�WKH�FRPELQDWLRQ�RI�/$1�DQG�WHPR]RORPLGH�LQ�SDWLHQWV�ZLWK�
DGYDQFHG�*(3�1(7V�LV�EHLQJ�FRQGXFWHG�
7KH�HIILFDF\�RI�66$V�LV�FRUUHODWHG�ZLWK�WKH�H[SUHVVLRQ�RI�VRPDWRVWDWLQ�UHFHSWRUV�RQ�WKH�WXPRU�FHOO�

VXUIDFH>��@��'1$�PHWK\OWUDQVIHUDVH�LQKLELWRUV�DQG�KLVWRQH�GHDFHW\ODVH�LQKLELWRUV�ZHUH�REVHUYHG�WR�
XSUHJXODWH�6675��H[SUHVVLRQ�LQ�1(7�FHOO�OLQHV�LQ�VRPH�SUHFOLQLFDO�VWXGLHV�DQG�FRXOG�SRWHQWLDOO\�EH�DQ�
RSWLRQ�IRU�RYHUFRPLQJ�66$�UHVLVWDQFH��EXW� WKH� ODFN�RI�SURJUHVV� LQ�FOLQLFDO�VWXGLHV�UHTXLUHV� IXUWKHU�
YDOLGDWLRQ>�����@��,Q�FOLQLFDO�PDQDJHPHQW��LW�LV�HVVHQWLDO�WR�LGHQWLI\�WKH�SRSXODWLRQ�IDYRUDEOH�IRU�66$�
WKHUDS\��DQG�66$V�LQ�FRPELQDWLRQ�ZLWK�RWKHU�DJHQWV�DUH�H[SHFWHG�WR�EH�V\QHUJLVWLF�LQ�SDWLHQWV�ZLWK�
KLJKHU�JUDGH��KLJKHU�WXPRU�ORDG��DQG�6675�SRVLWLYH�3DQ1(7V�

$'9$1&(6�,1�7$5*(7('�7+(5$3,(6
7KH�WDUJHWHG�WKHUDSLHV�FXUUHQWO\�XVHG�LQ�3DQ1(7V�PDLQO\�LQFOXGH�PDPPDOLDQ�WDUJHW�RI�UDSDP\FLQ�
�P725�� LQKLELWRUV� DQG�DQWLDQJLRJHQLF� DJHQWV�� )'$�DSSURYHG� WDUJHW� DJHQWV� IRU� WKH� WUHDWPHQW� RI�
3DQ1(1V�LQFOXGH�HYHUROLPXV��P725�LQKLELWRU��DQG�VXQLWLQLE��W\URVLQH�NLQDVH�LQKLELWRU�>�����@��DQG�WKH�
UHFRPPHQGDWLRQ�RI�VXUXIDWLQLE��W\URVLQH�NLQDVH�LQKLELWRU��KDV�EHHQ�DGGHG�WR�WKH�&KLQHVH�JXLGHOLQHV�IRU�
WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�SDQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV�������>��@�
(YHUROLPXV��D�P725�LQKLELWRU��KDV�EHHQ�VKRZQ�WR�LQKLELW�WXPRU�FHOO�JURZWK�WKURXJK�VXSSUHVVLRQ�RI�

WKH�3,�.�$.7�P725�SDWKZD\��7KH�SULPDU\�UHVXOWV�RI�WKH�5$',$17���WULDO�UHSRUWHG�WKDW�SDWLHQWV�
ZLWK�DGYDQFHG�3DQ1(7V�LQ�WKH�HYHUROLPXV�JURXS�KDG�D�PHGLDQ�3)6�RI����PR��ZLWK�D�����PR�LQFUHDVH�YV�
WKH�SODFHER�JURXS��DQG�WKH�VDIHW\�SURILOH�RI�HYHUROLPXV�ZDV�JRRG>��@��(YHUROLPXV�UHVLVWDQFH�LV�WKRXJKW�
WR�EH�UHODWHG�WR�LWV�DELOLW\�WR�LQKLELW�RQO\�SDUWLDO�P725&��EXW�QRW�P725&���WKXV�FDXVLQJ�RYHU�DFWLYDWLRQ�
RI�XSVWUHDP�VLJQDOLQJ��LQFOXGLQJ�3,�.�$.7>��@��7KXV��ERWK�WKH�GXDO�3,�.�P725�LQKLELWRU�%(=����DQG�
WKH�GXDO�LQKLELWRU�RI�P725&��DQG�P725&���&&������DUH�WKRXJKW�WR�KDYH�WKH�SRWHQWLDO�WR�RYHUFRPH�
HYHUROLPXV�UHVLVWDQFH��EXW�WKH�SKDVH�,,�FOLQLFDO�WULDO�RI�%(=����IDLOHG�GXH�WR�VHYHUH�DGYHUVH�HIIHFWV>��@��
7KH�UHVXOWV�RI�D�SKDVH�,,�FOLQLFDO�WULDO�RI�&&�����LQ�QRQSDQFUHDWLF�1(7V�SDWLHQWV�ZKR�IDLOHG�ILUVW�OLQH�
WKHUDS\�VXJJHVWHG�D�'&5�RI���������&,��������������DQG�D�PHGLDQ�3)6�RI������PR�����&,������������
PR���ZLWK�D�VDIHW\�SURILOH�FRPSDUDEOH�ZLWK�WKDW�RI�HYHUROLPXV��EXW�LWV�XVH�LQ�3DQ1(7�SDWLHQWV�VWLOO�QHHGV�
WR�EH�SURVSHFWLYHO\�H[SORUHG>��@�
6HYHUDO�SUHFOLQLFDO�VWXGLHV�VXJJHVW�WKDW�66$V�FDQ�LQKLELW� LQVXOLQ�OLNH�JURZWK�IDFWRU����,*)�����DQ�

XSVWUHDP�VLJQDO�RI�WKH�3,�.�$.7�P725�SDWKZD\��)LJXUH�����DQG�/$1�ZDV�REVHUYHG�WR�UHGXFH�WKH�
VXUYLYDO�UDWH�RI�HYHUROLPXV�UHVLVWDQW�FHOO�OLQHV��66$V�PD\�EH�DEOH�WR�RYHUFRPH�UHVLVWDQFH�WR�HYHUROLPXV
>�����@��8QIRUWXQDWHO\��LQ�WKH�&223(5$7(���VWXG\�RI�HYHUROLPXV�LQ�FRPELQDWLRQ�ZLWK�SDVLUHRWLGH�/$5�
YV�HYHUROLPXV�PRQRWKHUDS\�LQ�SDWLHQWV�ZLWK�DGYDQFHG�3DQ1(7V��QR�SURORQJDWLRQ�RI�3)6�ZDV�REVHUYHG�
LQ�WKH�FRPELQDWLRQ�JURXS�YV�WKH�PRQRWKHUDS\�JURXS>��@��+RZHYHU��WKH�WULDO�H[WHQVLRQ�UHVXOWV�RI�WKH�
/81$�VWXG\�RI�HYHUROLPXV�LQ�FRPELQDWLRQ�ZLWK�SDVLUHRWLGH�/$5�IRU�DGYDQFHG�SXOPRQDU\�DQG�WK\PLF�
1(7V�VXJJHVWHG�WKDW�WKH�HYHUROLPXV�FRPELQHG�ZLWK�SDVLUHRWLGH�JURXS�KDG�D�VLJQLILFDQWO\�ORQJHU�PHGLDQ�
3)6�WKDQ�WKH�SDVLUHRWLGH�PRQRWKHUDS\�JURXS�DQG�WKH�HYHUROLPXV�PRQRWKHUDS\�JURXS�������PR�YV�������
PR�YV�������PR�>��@��7KH�-DSDQ�&OLQLFDO�2QFRORJ\�*URXS�LV�DOVR�FRQGXFWLQJ�D�PXOWLFHQWHU��UDQGRPL]HG��
FRQWUROOHG��SKDVH�,,,�WULDO��M5&7������������WR�FRQILUP�WKH�VXSHULRULW\�RI�FRPELQHG�HYHUROLPXV�SOXV�
ODQUHRWLGH�WKHUDS\�RYHU�HYHUROLPXV�PRQRWKHUDS\�IRU�DGYDQFHG�*(3�1(7V>��@�
5HVLVWDQFH�WR�HYHUROLPXV�PD\�DOVR�EH�RYHUFRPH�E\�FRPELQHG�PHWIRUPLQ�WKHUDS\��3XVFHGGX�HW�DO>��@�

FRQGXFWHG�D�UHWURVSHFWLYH�DQDO\VLV�RI�����SDWLHQWV�ZLWK�DGYDQFHG�3DQ1(7V�WUHDWHG�ZLWK�HYHUROLPXV�
DQG�RU� 66$V� LQ� ���PHGLFDO� FHQWHUV� LQ� ,WDO\� DQG� REVHUYHG� WKDW� WKH�PHGLDQ� 3)6� RI� �����PR�ZDV�
VLJQLILFDQWO\�ORQJHU�LQ�SDWLHQWV�WUHDWHG�ZLWK�PHWIRUPLQ�JOXFRVH�ORZHULQJ�WKHUDS\�WKDQ�LQ�QRQGLDEHWLF�
SDWLHQWV�������PR��DQG�ORQJHU�WKDQ�WKDW�LQ�GLDEHWLF�SDWLHQWV�UHFHLYLQJ�RWKHU�JOXFRVH�ORZHULQJ�WUHDWPHQWV�
������PR���0HWIRUPLQ�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�3)6�LQ�SDWLHQWV�WUHDWHG�ZLWK�66$�DQG�LQ�SDWLHQWV�
WUHDWHG�ZLWK�HYHUROLPXV��ZLWK�RU�ZLWKRXW�66$V���$�SUHFOLQLFDO�VWXG\�VKRZHG�WKDW�PHWIRUPLQ�PD\�LQGXFH�
PRUH�HIIHFWLYH�P725�EORFNDGH�WKURXJK�LWV�HIIHFWV�RQ�,*)���DQG�DGHQRVLQH��·�PRQRSKRVSKDWH�DFWLYDWHG�
SURWHLQ�NLQDVH�DQG�PD\�FRXQWHUDFW�WKH�UHVLVWDQFH�PHFKDQLVP�WULJJHUHG�E\�HYHUROLPXV��)LJXUH���>��@��
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%HFDXVH� ERWK�PHWIRUPLQ� DQG�66$�ZHUH� REVHUYHG� WR�KDYH� WKH�SRWHQWLDO� WR� RYHUFRPH� HYHUROLPXV�
UHVLVWDQFH� LQ� SUHFOLQLFDO� VWXGLHV�� D� SURVSHFWLYH� VWXG\� HYDOXDWLQJ� WKH� HIILFDF\� RI� WKH� WULSOH�GUXJ�
FRPELQDWLRQ�RI� HYHUROLPXV�� RFWUHRWLGH�� DQG�PHWIRUPLQ� IRU� WKH� WUHDWPHQW� RI� DGYDQFHG�3DQ1(1V�
�1&7����������LV�XQGHUZD\�
$QWLDQJLRJHQLF� DJHQWV� LQFOXGH� W\URVLQH� NLQDVH� LQKLELWRUV� �7.,V�� DQG� QRQ�7.,� DJHQWV� VXFK� DV�

EHYDFL]XPDE�>DQWL�YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU��9(*)��PRQRFORQDO�DQWLERG\@��3DQ1(7V�DUH�
KLJKO\� YDVFXODUL]HG�ZLWK� RYHUH[SUHVVLRQ� RI� SURDQJLRJHQLF� IDFWRUV� VXFK� DV�9(*)�� VR� DQWLWXPRU�
DQJLRJHQHVLV�LV�DQ�HIIHFWLYH�WKHUDSHXWLF�DSSURDFK>��@��$QWLDQJLRJHQLF�DJHQWV�KDYH�HYROYHG�UDSLGO\�LQ�WKH�
ILHOG�RI�3DQ1(7�WKHUDS\�LQ�UHFHQW�\HDUV��ZLWK�QHZ�DJHQWV�DQG�KLJK�JUDGH�FOLQLFDO�HYLGHQFH�HPHUJLQJ��
6XQLWLQLE��D�SRO\W\URVLQH�NLQDVH�LQKLELWRU��EHFDPH�WKH�ILUVW�DQWLDQJLRJHQLF�DJHQW�DSSURYHG�E\�WKH�)'$�
IRU�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�DGYDQFHG�3DQ1(7V�EDVHG�RQ�IDYRUDEOH�UHVXOWV�IURP�D�UDQGRPL]HG�
GRXEOH�EOLQG�SKDVH� ,,,� FOLQLFDO� WULDO>��@��6XUXIDWLQLE� LV�D�QHZ�PXOWLWDUJHWHG�7.,� WKDW�EORFNV� WXPRU�
DQJLRJHQHVLV�E\�LQKLELWLQJ�ERWK�YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU�UHFHSWRU��������9(*)5��������DQG�
ILEUREODVW�JURZWK�IDFWRU�UHFHSWRU����)*)5�����)LJXUH����DQG�UHJXODWHV�WXPRU�DVVRFLDWHG�PDFURSKDJHV�WR�
SURPRWH�WKH�LPPXQH�UHVSRQVH�RI�WKH�ERG\�WR�WXPRU�FHOOV�E\�LQKLELWLQJ�FRORQ\�VWLPXODWLQJ�IDFWRU���
UHFHSWRU>��@��7KH�6$1(7�S�VWXG\��D�SKDVH�,,,�FOLQLFDO�WULDO�RI�VXUXIDWLQLE�LQ�SDWLHQWV�ZLWK�DGYDQFHG�
3DQ1(7V��VXJJHVWHG�D�VLJQLILFDQW�SURORQJDWLRQ�RI�PHGLDQ�3)6�������PR�YV�����PR��DQG�LPSURYHPHQW�RI�
255������YV�����LQ�WKH�VXUXIDWLQLE�JURXS�FRPSDUHG�ZLWK�WKH�SODFHER�JURXS>��@��7KH�UHVXOWV�IURP�WKH�
3DQ1(7�FRKRUW�RI�WKH�SKDVH�,,�FRKRUW�VWXG\��1&7����������RI�FDER]DQWLQLE��D�PXOWLWDUJHWHG�W\URVLQH�
NLQDVH�LQKLELWRU�WDUJHWLQJ�9(*)5��DQG�FHOOXODU�PHVHQFK\PDO�HSLWKHOLDO�WUDQVLWLRQ�IDFWRU��VXJJHVWHG�D�
PHGLDQ�3)6�RI������PR�����&,�����������PR��DQG�DQ�255�RI���������&,���������>��@��7KLV�UHVXOW�KDV�
UDLVHG�H[SHFWDWLRQV�IRU�WKH�SXEOLFDWLRQ�RI�WKH�UHVXOWV�RI�WKH�RQJRLQJ�UDQGRPL]HG��GRXEOH�EOLQG�SKDVH�,,,�
FOLQLFDO�WULDO�RI�FDER]DQWLQLE��1&7�����������7KH�7$/(17�VWXG\��*(71(������LV�D�SKDVH�,,�FOLQLFDO�
VWXG\�RI�WKH�9(*)5����DQG�)*)5����LQKLELWRUV�OHQYDWLQLE�LQ�ZKLFK�JRRG�FOLQLFDO�HIILFDF\�ZDV�REVHUYHG�
LQ�WKH�3DQ1(7�FRKRUW�ZLWK�D�WROHUDEOH�VDIHW\�SURILOH>��@��,Q�DGGLWLRQ��WKH�7$/(17�VWXG\�TXDQWLILHG�D�
VHULHV�RI�SURDQJLRJHQLF�IDFWRUV��VXFK�DV�9(*)�$��DQJLRSRLHWLQ����$QJ����DQG�9(*)5����7KH�UHVXOWV�
VXJJHVWHG�WKDW�KLJK�$QJ��/HYHOV�DQG�ORZ�)*)��/HYHOV�ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�255��DQG�
$QJ��DQG�9(*)5���/HYHOV�LQ�SDWLHQWV�WUHDWHG�ZLWK�VXQLWLQLE�FRXOG�SUHGLFW�WKH�HIILFDF\�RI�OHQYDWLQLE��
FRQILUPLQJ�WKDW�ELRPDUNHUV�FDQ�QRW�RQO\�SUHGLFW�GUXJ�HIILFDF\�EXW�DOVR�SURYLGH�D�UHIHUHQFH�IRU�SDWLHQW�
VHTXHQWLDO�WKHUDS\�VHOHFWLRQ>��@��$[LWLQLE>��@�DQG�SD]RSDQLE>��@�KDYH�DOVR�GHPRQVWUDWHG�HIILFDF\�LQ�
SKDVH�,,�FOLQLFDO� WULDOV� IRU� WKH� WUHDWPHQW�RI�1(7V��&OLQLFDO�DGYDQFHV� LQ�DQWLDQJLRJHQLF�DJHQWV�KDYH�
EURXJKW�PRUH�QHZ�RSWLRQV�IRU�WKH�WUHDWPHQW�RI�DGYDQFHG�3DQ1(7V�

$'9$1&(6�,1�,008127+(5$3<
:LWK�WKH�DGYHQW�RI�WKH�LPPXQRWKHUDS\�HUD��SKDVH�,�,,�FOLQLFDO�WULDOV�RI�YDULRXV�LPPXQH�FKHFNSRLQW�
LQKLELWRUV�VXFK�DV�SURJUDPPHG�FHOO�GHDWK�OLJDQG����3'�/���LQKLELWRUV��SURJUDPPHG�FHOO�GHDWK����3'����
LQKLELWRUV�DQG�F\WRWR[LF�7�O\PSKRF\WH�DQWLJHQ���LQKLELWRUV�KDYH�EHHQ�ZLGHO\�FRQGXFWHG�DQG�UDSLGO\�
GHYHORSHG�LQ�WKH�3DQ1(1�ILHOG��7KH�UHVXOWV�RI�D�SKDVH�,E�VWXG\�RI�WRULSDOLPDE�DV�D�VHFRQG�OLQH�UHJLPHQ�
IRU�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�DGYDQFHG�1(1V�VXJJHVWHG�DQ�255�RI�������DQG�D�'&5�RI�������LQ�
WKH�3DQ1(1�VXEJURXS�DQG�REVHUYHG�WKDW�SDWLHQWV�ZLWK�SRVLWLYH�3'�/��H[SUHVVLRQ��70%�+��WRS������
DQG�RU�06,�+�SRVLWLYLW\�PD\�SUHIHUHQWLDOO\�EHQHILW�IURP�WKH�WUHDWPHQW>��@��7KH�UHVXOWV�RI�VRPH�FXUUHQW�
FOLQLFDO�WULDOV�KDYH�VKRZQ�QR�VLJQLILFDQW�EHQHILW�REVHUYHG�LQ�SDWLHQWV�ZLWK�1(1V�WUHDWHG�ZLWK�LPPXQH�
FKHFNSRLQW� LQKLELWRUV� DORQH>�����@��DQG� GXDO� LPPXQRWKHUDS\� ZLWK� 3'�/��3'��� LQKLELWRUV� LQ�
FRPELQDWLRQ�ZLWK�&/7$���LQKLELWRUV�LV�VWDUWLQJ�WR�JDLQ�LQWHUHVW��7KH�'81(�VWXG\��*(71(�������LV�D�
SKDVH� ,,�PXOWLFRKRUW� FOLQLFDO� VWXG\� DVVHVVLQJ� WKH� HIILFDF\� RI� GXUYDOXPDE� LQ� FRPELQDWLRQ�ZLWK�
WUHPHOLPXPDE�IRU�WKH�WUHDWPHQW�RI�DGYDQFHG�*(3�1(1V�DQG�SXOPRQDU\�1(7V��ZLWK�UHFHQW�UHVXOWV�
VXJJHVWLQJ�DQ�255�RI������IRU�WKH�*��*��JUDGH�3DQ1(7�FRKRUW�������IRU�WKH�*��JUDGH�*(3�1(1�
FRKRUW��DQG������DQG����IRU�WKH�SXOPRQDU\�1(7�DQG�JL1(7�FRKRUWV�UHVSHFWLYHO\>��@��$�PXOWLFRKRUW�
SKDVH�,,�FOLQLFDO�WULDO��1&7����������DVVHVVHG�WKH�HIILFDF\�RI�LSLOLPXPDE�LQ�FRPELQDWLRQ�ZLWK�QLYROXPDE�
LQ�1(7V��ZLWK�WKH�ODWHVW�UHVXOWV�VXJJHVWLQJ�DQ�255�RI�����IRU�WKH�1(7�FRKRUW�����SWV���DQG�WKH�VWXG\�LV�
VWLOO�RQJRLQJ>��@��&OLQLFDO�WULDOV�RI� LPPXQH�FKHFNSRLQW� LQKLELWRUV� LQ�FRPELQDWLRQ�ZLWK�RWKHU�DJHQWV�
�DQWLDQJLRJHQLF�DJHQWV��FKHPRWKHUDS\��3557��DQG�66$V��FRQWLQXH�WR�HPHUJH��DQG�VRPH�FXUUHQW�FOLQLFDO�
VWXGLHV�RI�LPPXQRWKHUDS\�LQ�FRPELQDWLRQ�ZLWK�DQWLDQJLRJHQLF�DJHQWV�VXJJHVW�EHWWHU�HIILFDF\��$Q�255�
RI�����DQG�D�PHGLDQ�3)6�RI� �����PR�ZHUH�REVHUYHG� LQ�D�SKDVH� ,,� FOLQLFDO� WULDO�RI� WRULSDOLPDE� LQ�
FRPELQDWLRQ� ZLWK� VXUXIDWLQLE� LQ� SDWLHQWV� ZLWK� DGYDQFHG� 1(&V� DIWHU� WKH� IDLOXUH� RI� ILUVW�OLQH�
FKHPRWKHUDS\��6XUXIDWLQLE� LQ�FRPELQDWLRQ�ZLWK� WRULSDOLPDE�KDV�EHHQ�VXJJHVWHG�DV�D� VHFRQG�OLQH�
WUHDWPHQW�RSWLRQ�IRU�SDWLHQWV�ZLWK�DGYDQFHG�1(&V>��@��DQG�D�SKDVH�,,,�FOLQLFDO�WULDO��1&7����������LV�
HYDOXDWLQJ�WKH�HIILFDF\�RI�WKH�FRPELQDWLRQ�RI�VXUXIDWLQLE�DQG�WRULSDOLPDE�YHUVXV�)2/),5,�UHJLPHQ�DV�D�
VHFRQG�OLQH�WUHDWPHQW�RSWLRQ�IRU�SDWLHQWV�ZLWK�DGYDQFHG�1(&V��&OLQLFDO�WULDOV�RI�LPPXQRWKHUDS\�LQ�
FRPELQDWLRQ�ZLWK�RWKHU�WKHUDSLHV�EHLQJ�FRQGXFWHG�LQ�SDWLHQWV�ZLWK�1(1V�DUH�VKRZQ�LQ�7DEOH���
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QHRSODVPV

'UXJV 3RSXODWLRQ Q 3KDVH 3ULPDU\�RXWFRPHV 1&7�QXPEHU

6XUXIDWLQLE���WRULSDOLPDE�YV�
)2/),5,

1(& ��� ,,, 26 1&7��������

3HQSXOLPDE���DQORWLQLE 1(7 ��� ,, 255 1&7��������

3HPEUROL]XPDE���OLYHU�
GLUHFWHG�3557

1(7 �� 255 1&7��������

1LYROXPDE���FKHPRWKHUDS\ 1(1�*� �� ,, 26 1&7��������

7RULSDOLPDE���)2/)6,0�YV�(3�(& $GYDQFHG�1(& ��� ,,�,,, 26 1&7��������

1LYROXPDE���LSLOLPXPDE���
FDER]DQWLQLE

3'�1(7 �� ,, 255 1&7��������

3HPEUROL]XPDE���ODQUHRWLGH�GHSRW *(3�1(7 �� ,E�,, 255 1&7��������

)2/),5,��)ROLQLF�DFLG��IOXRURXUDFLO�DQG�LULQRWHFDQ�UHJLPHQ��)2/)6,0��6LPPWHFDQ�DQG���)8�/9�UHJLPHQ��(3��(WRSRVLGH�DQG�FLVSODWLQ�UHJLPHQ��(&��
(WRSRVLGH�DQG�FDUERSODWLQ�UHJLPHQ��3'�1(7��3RRUO\�GLIIHUHQWLDWHG�QHXURHQGRFULQH�WXPRU��255��2EMHFWLYH�UHVSRQVH�UDWH��26��2YHUDOO�VXUYLYDO�

$'9$1&(6�,1�3(37,'(�5(&(3725�5$',218&/,'(�7+(5$3<
3557� KDV� EHHQ�ZLGHO\� XVHG� LQ� WKH� WUHDWPHQW� RI�1(7V� LQ� (XURSH�� WKH�86$� DQG�$VLD>��@�����/X�
'27$7$7(�KDV�EHHQ�XVHG�IRU�PRUH�WKDQ�D�GHFDGH��EXW�FOLQLFDO�VWXGLHV�RI�3557�DUH�VWLOO�GRPLQDWHG�E\�
SKDVH�,�,,�FOLQLFDO�WULDOV��DQG�WKHUH�LV�D�ODFN�RI�SKDVH�,,,�FOLQLFDO�WULDOV�ZLWK�ODUJH�VDPSOHV�IRU�1(7V��7KH�
1(77(5���VWXG\��D�SLYRWDO�SKDVH�,,,�FOLQLFDO�VWXG\�RI�3557��WUHDWHG�WZR�JURXSV�RI�PLGJXW�1(7V�ZLWK�
���/X�'27$7$7(�FRPELQHG�ZLWK�ORQJ�DFWLQJ�RFWUHRWLGH�����PJ�HYHU\����G��DQG�KLJK�GRVH�ORQJ�DFWLQJ�
RFWUHRWLGH�����PJ�HYHU\����G��DQG�REVHUYHG�WKDW����/X�'27$7$7(�VLJQLILFDQWO\�LQFUHDVHG�WKH�255������
YV�����DQG�SURORQJHG�WKH�PHGLDQ�26�RI�SDWLHQWV�����YV������PR�>�����@��8QIRUWXQDWHO\��WKH�1(77(5���
VWXG\��ZKLOH�VXJJHVWLQJ�JRRG�HIILFDF\�RI�3557��GLG�QRW�LQYROYH�3DQ1(7V��DQG�WKH�VXEVHTXHQW�1(77(5�
��VWXG\� �1&7�����������ZKLFK� LV�VWLOO�RQJRLQJ�HQUROOHG�6675��*��*��*(3�1(7V� WR�HYDOXDWH� WKH�
HIILFDF\� RI� ���/X�'27$7$7(� LQ� FRPELQDWLRQ�ZLWK� ORQJ�DFWLQJ� RFWUHRWLGH� ����PJ� HYHU\� ���GD\V��
FRPSDUHG�ZLWK�D�KLJK�GRVH�RI�ORQJ�DFWLQJ�RFWUHRWLGH�����PJ�HYHU\����G���3ULRU�WR�WKH�UHVXOWV�RI�WKH�
1(77(5��� VWXG\�� WKH� UHVXOWV�RI� WKH�PXOWLFHQWHU� UHWURVSHFWLYH�1(77(5�5� VWXG\��ZKLFK�SURYLGHG�
HYLGHQFH�IRU�WKH�XVH�RI�3557�LQ�3DQ1(7V��VXJJHVWHG�WKDW����/X�'27$7$7(�KDG�D�PHGLDQ�3)6�RI������
����&,�������������PRQWKV�DQG�DQ�255�RI�����������&,�������������LQ�SDWLHQWV�ZLWK�DGYDQFHG�6675�
SRVLWLYH�3DQ1(7V>��@�����/X�'27$�-5���LV�D�QRYHO�UDGLRODEHOHG�6675��DQWDJRQLVW��DQG�LWV�DSSOLFDWLRQ�LQ�
6675�SRVLWLYH�1(7V�LQ�SKDVH�,�,,�FOLQLFDO�WULDOV�UHVXOWHG�LQ�D�'&5�����PR��RI�����DQG�DQ�DFFHSWDEOH�
VDIHW\�SURILOH��VXJJHVWLQJ�WKDW����/X�'27$�-5���KDV�JRRG�UHVHDUFK�SRWHQWLDO>��@��$PRQJ�HPHUJLQJ�Į�
HPLWWHUV�����$F�'27$7$7(�����%L�'27$72&�DQG����3E�'27$07$7(�KDYH�DOVR�VKRZQ�JRRG�UHVXOWV�LQ�
VPDOO�VDPSOHV�RI�1(7V��DQG�FOLQLFDO�WULDOV�DUH�XQGHUZD\>��@�

1(:�7$5*(7('�$*(176
,Q�DGGLWLRQ�WR�FRPPRQ�WDUJHWV�VXFK�DV�6675���P725��DQG�9(*)5��UHVHDUFKHUV�DUH�DFWLYHO\�H[SORULQJ�
QHZ�WDUJHWHG�DJHQWV�IRU�FOLQLFDO�DSSOLFDWLRQ�LQ�WKH�ILHOG�RI�3DQ1(1V��&\FOLQ�GHSHQGHQW�NLQDVHV��&'.V���
ZKLFK�UHJXODWH�FHOO�F\FOH�SURJUHVVLRQ��KDYH�EHHQ�FRQVLGHUHG�SURPLVLQJ�QHZ�WDUJHWV�IRU�WXPRU�WKHUDS\��
3DOERFLFOLE��D�VPDOO�PROHFXOH�FRPSRXQG�WKDW�VSHFLILFDOO\�LQKLELWV�&'.��DQG�&'.���LQGXFHG�*��SKDVH�
EORFNDGH�LQ�5E�SRVLWLYH�&'.��RYHUH[SUHVVLQJ�3DQ1(7�FHOO� OLQHV�LQ�DQ� LQ�YLWUR�DVVD\��EORFNLQJ�DQG�
LQKLELWLQJ�WKH�JURZWK�RI�3DQ1(7�FHOO�OLQHV>�����@��+RZHYHU��WKH�UHVXOWV�RI�D�SKDVH�,,�FOLQLFDO�WULDO�RI�
SDOERFLFOLE�IRU�*��*��JUDGH�3DQ1(7V�VXJJHVWHG�D�PHGLDQ�3)6�RI�RQO\�����PR�����&,���������>��@��
21&�����DQ�DJHQW�ZLWK�VSHFLILF�WDUJHWLQJ�RI�WKH�GRSDPLQH�OLNH�'5'��UHFHSWRU�DQG�WKH�PLWRFKRQGULDO�
SURWHDVH�&OS3��LQKLELWV�WKH�JURZWK�RI�3DQ1(7�FHOO�OLQHV�E\�75$,/�'5��XSUHJXODWLRQ��GXDO�$.7�(5.�
SDWKZD\�LQKLELWLRQ�DQG�SURPRWLRQ�RI�D�FRPSUHKHQVLYH�VWUHVV�UHVSRQVH�WR�H[HUWLQJ�DQWLFDQFHU�HIIHFWV��
7KH�SKDVH�,,�VWXG\�RI�21&����IRU�1(7V��1&7����������LQFOXGHG����SDWLHQWV�ZLWK�PHWDVWDWLF�3&�3*V�
�*URXS�$��DQG����SDWLHQWV�ZLWK�RWKHU�QHXURHQGRFULQH�WXPRUV��*URXS�%���DQG�WKH�ODWHVW�UHVXOWV�RI�WKLV�
VWXG\�VXJJHVWHG���35V�DQG���6'V�LQ�*URXS�$�DQG���35�DQG���6'V�LQ�*URXS�%��$�IXOO�RXWFRPH�UHSRUW�LV�
VWLOO� SHQGLQJ>��@��$QWLERG\�FRXSOHG�GUXJV� GHYHORSHG� DJDLQVW� 6675� WDUJHWV� KDYH� UHFHLYHG�PXFK�
DWWHQWLRQ�� 3(1������ DQ� DQWLERG\�GUXJ� FRQMXJDWH� �$'&�� WDUJHWLQJ� 6675��� FRQQHFWV� WKH� F\WRWR[LF�
PLFURWXEXOH�SURWHLQ�LQKLELWRU�'0��WR�7\U��RFWUHRWDWH�DQG�FDQ�UDSLGO\�LQWHUQDOL]H�'0��LQWR�6675��
H[SUHVVLQJ�FHOOV�DQG�H[HUW�F\WRWR[LF�HIIHFWV�DIWHU�ELQGLQJ�WR�6675�>��@��$�SKDVH�,,�FOLQLFDO�VWXG\�RI�
3(1����LQ�6675��SRVLWLYH�JDVWURLQWHVWLQDO�1(7V�LV�RQJRLQJ��DQG�WKH�ODWHVW�UHVXOWV�VXJJHVWHG�WKDW����
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7DEOH���2QJRLQJ�FOLQLFDO�WULDOV�RI�QHZ�WDUJHWHG�DJHQWV

'UXJV 7DUJHWV 3RSXODWLRQ Q 3KDVH 3ULPDU\�RXWFRPHV 1&7�QXPEHU

5LERFLFOLE���(YHUROLPXV &'.����,QKLELWRU $GYDQFHG�1(7 �� ,, 3)6 1&7��������

$EHPDFLFOLE &'.����,QKLELWRU $GYDQFHG�*(3�1(7 �� ,, 255 1&7��������

%$<�������� $75�.LQDVH�
,QKLELWRU

6&/&�3'�1(&�3'$ �� , 07'��$(V 1&7��������

/XUELQHFWHGLQ��
EHU]RVHUWLE

$75�.LQDVH�
,QKLELWRU

6&/&�+*1(& �� ,�,, 07'��255 1&7��������

%,������� '//��,QKLELWRU 6&/&�1(1�([SUHVVLQJ�
'//�

��� , 07' 1&7��������

(QWLQRVWDW +'$&�,QKLELWRU $EGRPLQDO�1(7 �� ,, 255 1&7��������

1LUDSDULE���GRVWDUOLPDE 3$53�,QKLELWRU 6&/&�+*1(& �� 3)6��255 1&7��������

6&/&��6PDOO�FHOO�OXQJ�FDUFLQRPD��3'�1(&��3RRUO\�GLIIHUHQWLDWHG�QHXURHQGRFULQH�FDUFLQRPD��3'$��3DQFUHDWLF�DGHQRFDUFLQRPD��+*1(&��+LJK�JUDGH�
QHXURHQGRFULQH�FDQFHU��&'.��&\FOLQ�GHSHQGHQW�NLQDVH��$75�NLQDVH��$WD[LD�WHODQJLHFWDVLD�DQG�5$'��UHODWHG�NLQDVH��'//���'HOWD�OLNH�SURWHLQ����+'$&��
+LVWRQH�GHDFHW\ODVH��3$53��3RO\��$'3�ULERVH��SRO\PHUDVH��3)6��3URJUHVVLRQ�IUHH�VXUYLYDO��07'��0D[LPXP�WROHUDWHG�GRVH��255��2EMHFWLYH�UHVSRQVH�UDWH��
$(V��$GYHUVH�HYHQWV�

��������RI����HYDOXDEOH�SDWLHQWV�ZHUH�DVVHVVHG�DV�6'��ZLWK�D�PHGLDQ�3)6�RI���PR>��@��%HO]XWLIDQ�LV�D�
VHFRQG�JHQHUDWLRQ�VPDOO�PROHFXOH�K\SR[LD�LQGXFLEOH�IDFWRU��+,)���Į�LQKLELWRU��ZKLFK�LV�UHFRPPHQGHG�
LQ�WKH�ODWHVW�1&&1�JXLGHOLQHV�IRU�DGYDQFHG�3DQ1(7�SDWLHQWV�ZLWK�JHUPOLQH�9+/�DOWHUDWLRQ>��@��,Q�D�
SKDVH�,,��RSHQ�ODEHO��VLQJOH�JURXS�WULDO�RI�EHO]XWLIDQ�LQ�SDWLHQWV�ZLWK�UHQDO�FHOO�FDUFLQRPD�DVVRFLDWHG�ZLWK�
9+/�GLVHDVH�����SDWLHQWV�ZLWK�3DQ1(7V�ZHUH�LQFOXGHG��DPRQJ�WKHP����SDWLHQWV�������KDG�D�FRQILUPHG�
UHVSRQVH��LQFOXGLQJ���SDWLHQWV�������ZKR�KDG�D�FRPSOHWH�UHVSRQVH�>��@��3KDVH�,�,,�FOLQLFDO�WULDOV�RI�QHZ�
WDUJHWHG�DJHQWV�VXFK�DV�$75�LQKLELWRUV��'//��LQKLELWRUV��+'$&�LQKLELWRUV��DQG�3$53�LQKLELWRUV�DSSOLHG�
WR�1(7V�DUH�FXUUHQWO\�XQGHUZD\��7DEOH�����EXW�WKHUH�LV�VWLOO�D�ORQJ�ZD\�WR�JR�EHIRUH�FOLQLFDO�DSSOLFDWLRQ�

&21&/86,21
$OWKRXJK�WKHUH�DUH�YDULRXV�WUHDWPHQWV�IRU�3DQ1(1V��FKRRVLQJ�DSSURSULDWH�WKHUDSHXWLF�VFKHPHV�IRU�
GLIIHUHQW�SDWLHQWV�LQ�WHUPV�RI�SDWKRORJLFDO�FODVVLILFDWLRQ��JUDGHV�DQG�VWDJHV�LV�VWLOO�GLIILFXOW��7KH�VHOHFWLRQ�
RI�D�F\WRWR[LF�FKHPRWKHUDS\�UHJLPHQ�LV�D�FRQFHUQ�RI�UHVHDUFKHUV��DQG�WKH�UHVXOWV�RI�SURVSHFWLYH�VWXGLHV�
PD\�KHOS�WR�DGGUHVV�LW��)LUVW��WKH�SUREOHP�RI�GUXJ�UHVLVWDQFH�IDFLQJ�&$37(0�UHJLPHQ��WKH�PRVW�ZLGHO\�
XVHG�SODQ��ZLOO�SUREDEO\�EH�VROYHG�E\� WKH�FRPELQDWLRQ�RI�3$53� LQKLELWRUV�DQG�P725�LQKLELWRUV��
DOWKRXJK�PRUH�HYLGHQFH�LV�QHHGHG��'XH�WR�WKH�OLPLWHG�HIIHFW�RI�66$V�RQ�LQKLELWLQJ�FDQFHU�FHOO�SUROLI�
HUDWLRQ��SURJUHVV�KDV�PDLQO\�EHHQ�PDGH�LQ�WKH�VHOHFWLRQ�RI�DSSURSULDWH�SDWLHQWV�DQG�WKH�V\QHUJLVWLF�HIIHFW�
RI� FRPELQDWLRQ� WKHUDS\��0DQ\�QHZ�DQWLDQJLRJHQLF� DJHQWV� DQG�KLJK�OHYHO� FOLQLFDO� HYLGHQFH�KDYH�
HPHUJHG��DQG�WKH�UHYHUVDO�RI�GUXJ�UHVLVWDQFH�WR�HYHUROLPXV�KDV�DOVR�DGYDQFHG��7KH�XVH�RI�3557�LQ�WKH�
WUHDWPHQW�RI�1(7V�LV�LQFUHDVLQJO\�FRPPRQ��DQG�QHZ�UDGLRODEHOHG�SHSWLGHV�DSSHDU�WR�EH�PRUH�HIIHFWLYH��
,PPXQRWKHUDS\�IDFHV�FKDOOHQJHV��DQG�WKH�EHWWHU�FXUDWLYH�HIIHFW�RI�GXDO�LPPXQH�FKHFNSRLQW�LQKLELWRU�
WKHUDSLHV�DQG�WKH�FRPELQDWLRQV�RI�LPPXQH�FKHFNSRLQW�LQKLELWRUV�SOXV�RWKHU�DJHQWV�QHHG�IXUWKHU�LQYHVW�
LJDWLRQ��$OWKRXJK�WKHUH�DUH�OLPLWHG�FKRLFHV�LQ�WKH�WUHDWPHQW�RI�3DQ1(1V��WKH�FRPELQDWLRQ�RI�FRPPRQ�
PHGLFLQHV� VXFK�DV�66$V�� F\WRWR[LF� FKHPRWKHUDS\�� HYHUROLPXV�� VXQLWLQLE�DQG� LPPXQH�FKHFNSRLQW�
LQKLELWRUV�FDQ�KDYH�V\QHUJLVWLF�HIIHFWV�RU�DOOHYLDWH�GUXJ�UHVLVWDQFH��WKXV�EULQJLQJ�QHZ�YLWDOLW\�WR�WKH�
WUHDWPHQW�RI�3DQ1(1V��7KH�GHYHORSPHQW�RI�ELRPDUNHUV�LQ�FOLQLFDO�UHVHDUFK�SURYLGHV�D�UHIHUHQFH�IRU�WKH�
SUHGLFWLRQ�RI�FXUDWLYH�HIIHFWV�DQG�WKH�VHOHFWLRQ�RI�VHTXHQWLDO�WKHUDS\��DQG�ELRPDUNHU�GLUHFWHG�WKHUDS\�
KHOSV�LQ�FKRRVLQJ�DSSURSULDWH�PHGLFLQHV�IRU�GLIIHUHQW�SHRSOH��$GYDQFHV�LQ�WKH�VHDUFK�IRU�QHZ�WDUJHWV�
DQG�WKH�XVH�RI�QHZ�PHGLFLQHV�RQ�FRPPRQ�WDUJHWV�ZLOO�SURYLGH�PRUH�FKRLFHV� IRU� WKH� WUHDWPHQW�RI�
3DQ1(1V��EXW�DSSO\LQJ�WKHP�LQ�FOLQLFDO�SUDFWLFH�ZLOO�VWLOO�WDNH�WLPH��)XUWKHU�LQYHVWLJDWLRQ�RI�3557�DQG�
LPPXQRWKHUDS\�DQG�WKH�GHYHORSPHQW�RI�QHZ�WDUJHWHG�DJHQWV�ZLOO�EH�WKH�IRFXV�RI�IXWXUH�UHVHDUFK��DQG�
WKH�SURJUHVV�PDGH�LQ�WKH�UHYHUVDO�RI�GUXJ�UHVLVWDQFH�ZLOO�KHOS�FOLQLFDO�SUDFWLFH��,Q�DGGLWLRQ��WKH�VHOHFWLRQ�
RI�DSSURSULDWH�WKHUDSHXWLF�VFKHPHV�IRU�GLIIHUHQW�SDWLHQWV�DQG�WKH�H[HFXWLRQ�RI� LQGLYLGXDOL]HG�DQG�
SUHFLVH�WKHUDS\�ZLOO�EH�D�FRQWLQXRXV�FRQFHUQ�IRU�UHVHDUFKHUV�

)227127(6
$XWKRU�FRQWULEXWLRQV��/L�</�DQG�&KHQJ�=;�PDGH�HTXDO�FRQWULEXWLRQV�WR�WKLV�SDSHU�DQG�VKRXOG�EH�UHJDUGHG�DV�D�FR�



/L�</�HW�DO��3DQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

ILUVW�DXWKRU��/L�</�DQG�&KHQJ�=;�VHDUFKHG�WKH�OLWHUDWXUH�DQG�ZURWH�WKH�PDQXVFULSW��<X�)+�DQG�7LDQ�&�WUDQVODWHG�WKH�
PDQXVFULSW��7DQ�+<�UHYLVHG�WKH�PDQXVFULSW�

6XSSRUWHG�E\�1DWLRQDO�.H\�5	'�3URJUDP�RI�&KLQD��1R������<)%��������

&RQIOLFW�RI�LQWHUHVW�VWDWHPHQW��$XWKRUV�GHFODUH�QR�FRQIOLFW�RI�LQWHUHVWV�IRU�WKLV�DUWLFOH�

2SHQ�$FFHVV��7KLV�DUWLFOH�LV�DQ�RSHQ�DFFHVV�DUWLFOH�WKDW�ZDV�VHOHFWHG�E\�DQ�LQ�KRXVH�HGLWRU�DQG�IXOO\�SHHU�UHYLHZHG�E\�
H[WHUQDO�UHYLHZHUV��,W�LV�GLVWULEXWHG�LQ�DFFRUGDQFH�ZLWK�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�1RQ&RPPHUFLDO��&&�%<�
1&������OLFHQVH��ZKLFK�SHUPLWV�RWKHUV�WR�GLVWULEXWH��UHPL[��DGDSW��EXLOG�XSRQ�WKLV�ZRUN�QRQ�FRPPHUFLDOO\��DQG�OLFHQVH�
WKHLU�GHULYDWLYH�ZRUNV�RQ�GLIIHUHQW�WHUPV��SURYLGHG�WKH�RULJLQDO�ZRUN�LV�SURSHUO\�FLWHG�DQG�WKH�XVH�LV�QRQ�
FRPPHUFLDO��6HH��KWWSV���FUHDWLYHFRPPRQV�RUJ�/LFHQVHV�E\�QF�����

&RXQWU\�7HUULWRU\�RI�RULJLQ��&KLQD

25&,'�QXPEHU��<XDQ�/LDQJ�/L�������������������;��=L�;XDQ�&KHQJ����������������������)X�+XDQ�<X����������������
������&KDR�7LDQ����������������������+XDQJ�<LQJ�7DQ���������������������

6�(GLWRU��:DQJ�-/�
/�(GLWRU��$�
3�(GLWRU��:DQJ�-/

5()(5(1&(6
'DVDUL�$��6KHQ�&��+DOSHULQ�'��=KDR�%��=KRX�6��;X�<��6KLK�7��<DR�-&��7UHQGV�LQ�WKH�,QFLGHQFH��3UHYDOHQFH��DQG�6XUYLYDO�
2XWFRPHV�LQ�3DWLHQWV�:LWK�1HXURHQGRFULQH�7XPRUV�LQ�WKH�8QLWHG�6WDWHV��-$0$�2QFRO��������������������>30,'��
���������'2,����������MDPDRQFRO����������@

������

'DV�6��'DVDUL�$��(SLGHPLRORJ\��,QFLGHQFH��DQG�3UHYDOHQFH�RI�1HXURHQGRFULQH�1HRSODVPV��$UH�7KHUH�*OREDO�'LIIHUHQFHV"�
&XUU�2QFRO�5HS��������������>30,'�����������'2,����������V�����������������@

������

)DOFRQL�0��(ULNVVRQ�%��.DOWVDV�*��%DUWVFK�'.��&DSGHYLOD�-��&DSOLQ�0��.RV�.XGOD�%��.ZHNNHERRP�'��5LQGL�*��.O|SSHO�
*��5HHG�1��.LDQPDQHVK�5��-HQVHQ�57��9LHQQD�&RQVHQVXV�&RQIHUHQFH�SDUWLFLSDQWV��(1(76�&RQVHQVXV�*XLGHOLQHV�8SGDWH�
IRU�WKH�0DQDJHPHQW�RI�3DWLHQWV�ZLWK�)XQFWLRQDO�3DQFUHDWLF�1HXURHQGRFULQH�7XPRUV�DQG�1RQ�)XQFWLRQDO�3DQFUHDWLF�
1HXURHQGRFULQH�7XPRUV��1HXURHQGRFULQRORJ\��������������������>30,'�����������'2,�������������������@

������

:X�:��-LQ�*��/L�+��0LDR�<��:DQJ�&��/LDQJ�7��2X�-��=KDR�<��<XDQ�&��/L�<��/RX�:��:X�=��4LQ�5��:DQJ�+��+DR�-��<X�;��
+XDQJ�+��7DQ�*��/LX�;��;X�.��:DQJ�/��<DQJ�<��+DR�&��:DQJ�:��*XR�.��:HL�-��:DQJ�<��3HQJ�&��:DQJ�;��&DL�6��-LDQJ�
-��:X�;��/L�)��3DQFUHDWLF�66*2��7KH�FXUUHQW�VXUJLFDO�WUHDWPHQW�RI�SDQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV�LQ�&KLQD��D�
QDWLRQDO�ZLGH�FURVV�VHFWLRQDO�VWXG\��-�3DQFUHDWRO����������������>'2,����������-3������������������@

������

,WR�7��,JDUDVKL�+��1DNDPXUD�.��6DVDQR�+��2NXVDND�7��7DNDQR�.��.RPRWR�,��7DQDND�0��,PDPXUD�0��-HQVHQ�57��
7DND\DQDJL�5��6KLPDWVX�$��(SLGHPLRORJLFDO�WUHQGV�RI�SDQFUHDWLF�DQG�JDVWURLQWHVWLQDO�QHXURHQGRFULQH�WXPRUV�LQ�-DSDQ��D�
QDWLRQZLGH�VXUYH\�DQDO\VLV��-�*DVWURHQWHURO�����������������>30,'�����������'2,����������V����������������@

������

+DOIGDQDUVRQ�75��5DEH�.*��5XELQ�-��3HWHUVHQ�*0��3DQFUHDWLF�QHXURHQGRFULQH�WXPRUV��31(7V���LQFLGHQFH��SURJQRVLV�DQG�
UHFHQW�WUHQG�WRZDUG�LPSURYHG�VXUYLYDO��$QQ�2QFRO���������������������>30,'�����������'2,����������DQQRQF�PGQ���@

������

*DUFLD�&DUERQHUR�5��&DSGHYLOD�-��&UHVSR�+HUUHUR�*��'tD]�3pUH]�-$��0DUWtQH]�'HO�3UDGR�03��$ORQVR�2UGXxD�9��6HYLOOD�
*DUFtD�,��9LOODERQD�$UWHUR�&��%HJXLULVWDLQ�*yPH]�$��/ODQRV�0XxR]�0��0DUD]XHOD�0��$OYDUH]�(VFROD�&��&DVWHOODQR�'��
9LODU�(��-LPpQH]�)RQVHFD�3��7HXOp�$��6DVWUH�9DOHUD�-��%HQDYHQW�9LxXHODV�0��0RQOHRQ�$��6DOD]DU�5��,QFLGHQFH��SDWWHUQV�RI�
FDUH�DQG�SURJQRVWLF�IDFWRUV�IRU�RXWFRPH�RI�JDVWURHQWHURSDQFUHDWLF�QHXURHQGRFULQH�WXPRUV��*(3�1(7V���UHVXOWV�IURP�WKH�
1DWLRQDO�&DQFHU�5HJLVWU\�RI�6SDLQ��5*(71(���$QQ�2QFRO���������������������>30,'�����������'2,��
��������DQQRQF�PGT���@

������

-HQVHQ�57��%HUQD�0-��%LQJKDP�'%��1RUWRQ�-$��,QKHULWHG�SDQFUHDWLF�HQGRFULQH�WXPRU�V\QGURPHV��DGYDQFHV�LQ�PROHFXODU�
SDWKRJHQHVLV��GLDJQRVLV��PDQDJHPHQW��DQG�FRQWURYHUVLHV��&DQFHU����������������������>30,'�����������'2,��
��������FQFU������@

������

1DJWHJDDO�,'��2G]H�5'��.OLPVWUD�'��3DUDGLV�9��5XJJH�0��6FKLUPDFKHU�3��:DVKLQJWRQ�.0��&DUQHLUR�)��&UHH�,$��:+2�
&ODVVLILFDWLRQ�RI�7XPRXUV�(GLWRULDO�%RDUG��7KH������:+2�FODVVLILFDWLRQ�RI�WXPRXUV�RI�WKH�GLJHVWLYH�V\VWHP��
+LVWRSDWKRORJ\�������������������>30,'�����������'2,����������KLV������@

������

'RHVFKHU�-��9HLW�-$��+RIIPDQQ�7.��>7KH��WK�HGLWLRQ�RI�WKH�$-&&�&DQFHU�6WDJLQJ�0DQXDO��8SGDWHV�LQ�
RWRUKLQRODU\QJRORJ\��KHDG�DQG�QHFN�VXUJHU\@��+12�������������������>30,'�����������'2,��
��������V����������������@

�������

+DOIGDQDUVRQ�75��6WURVEHUJ�-5��7DQJ�/��%HOOL]]L�$0��%HUJVODQG�(.��2
'RULVLR�70��+DOSHULQ�'0��)LVKEHLQ�/��(DGV�-��
+RSH�7$��6LQJK�6��6DOHP�5��0HW]�'&��1DUDHY�%*��5HLG\�/DJXQHV�'/��+RZH�-5��3RPPLHU�5)��0HQGD�<��&KDQ�-$��7KH�
1RUWK�$PHULFDQ�1HXURHQGRFULQH�7XPRU�6RFLHW\�&RQVHQVXV�*XLGHOLQHV�IRU�6XUYHLOODQFH�DQG�0HGLFDO�0DQDJHPHQW�RI�
3DQFUHDWLF�1HXURHQGRFULQH�7XPRUV��3DQFUHDV�������������������>30,'�����������'2,��
��������03$�����������������@

�������

3DYHO�0��2
7RROH�'��&RVWD�)��&DSGHYLOD�-��*URVV�'��.LDQPDQHVK�5��.UHQQLQJ�(��.QLJJH�8��6DOD]DU�5��3DSH�8)��gEHUJ�.��
9LHQQD�&RQVHQVXV�&RQIHUHQFH�SDUWLFLSDQWV��(1(76�&RQVHQVXV�*XLGHOLQHV�8SGDWH�IRU�WKH�0DQDJHPHQW�RI�'LVWDQW�
0HWDVWDWLF�'LVHDVH�RI�,QWHVWLQDO��3DQFUHDWLF��%URQFKLDO�1HXURHQGRFULQH�1HRSODVPV��1(1��DQG�1(1�RI�8QNQRZQ�3ULPDU\�
6LWH��1HXURHQGRFULQRORJ\��������������������>30,'�����������'2,�������������������@

�������

5LQNH�$��0�OOHU�++��6FKDGH�%ULWWLQJHU�&��.ORVH�.-��%DUWK�3��:LHG�0��0D\HU�&��$PLQRVVDGDWL�%��3DSH�8)��%OlNHU�0���������

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-0774-614X
http://orcid.org/0000-0003-0774-614X
http://orcid.org/0000-0002-5183-3198
http://orcid.org/0000-0002-5183-3198
http://orcid.org/0000-0003-2634-3530
http://orcid.org/0000-0003-2634-3530
http://orcid.org/0000-0002-6635-1079
http://orcid.org/0000-0002-6635-1079
http://orcid.org/0000-0002-6165-5196
http://orcid.org/0000-0002-6165-5196
http://www.ncbi.nlm.nih.gov/pubmed/28448665
https://dx.doi.org/10.1001/jamaoncol.2017.0589
http://www.ncbi.nlm.nih.gov/pubmed/33719003
https://dx.doi.org/10.1007/s11912-021-01029-7
http://www.ncbi.nlm.nih.gov/pubmed/26742109
https://dx.doi.org/10.1159/000443171
https://dx.doi.org/10.1097/JP9.0000000000000019
http://www.ncbi.nlm.nih.gov/pubmed/24499825
https://dx.doi.org/10.1007/s00535-014-0934-2
http://www.ncbi.nlm.nih.gov/pubmed/18515795
https://dx.doi.org/10.1093/annonc/mdn351
http://www.ncbi.nlm.nih.gov/pubmed/20139156
https://dx.doi.org/10.1093/annonc/mdq022
http://www.ncbi.nlm.nih.gov/pubmed/18798544
https://dx.doi.org/10.1002/cncr.23648
http://www.ncbi.nlm.nih.gov/pubmed/31433515
https://dx.doi.org/10.1111/his.13975
http://www.ncbi.nlm.nih.gov/pubmed/28717958
https://dx.doi.org/10.1007/s00106-017-0391-3
http://www.ncbi.nlm.nih.gov/pubmed/32675783
https://dx.doi.org/10.1097/MPA.0000000000001597
http://www.ncbi.nlm.nih.gov/pubmed/26731013
https://dx.doi.org/10.1159/000443167


/L�</�HW�DO��3DQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

+DUGHU�-��$UQROG�&��*UHVV�7��$UQROG�5��3520,'�6WXG\�*URXS��3ODFHER�FRQWUROOHG��GRXEOH�EOLQG��SURVSHFWLYH��UDQGRPL]HG�
VWXG\�RQ�WKH�HIIHFW�RI�RFWUHRWLGH�/$5�LQ�WKH�FRQWURO�RI�WXPRU�JURZWK�LQ�SDWLHQWV�ZLWK�PHWDVWDWLF�QHXURHQGRFULQH�PLGJXW�
WXPRUV��D�UHSRUW�IURP�WKH�3520,'�6WXG\�*URXS��-�&OLQ�2QFRO���������������������>30,'�����������'2,��
��������-&2�������������@
&DSOLQ�0(��3DYHO�0��ûZLNáD�-%��3KDQ�$7��5DGHUHU�0��6HGOiþNRYi�(��&DGLRW�*��:ROLQ�(0��&DSGHYLOD�-��:DOO�/��5LQGL�*��
/DQJOH\�$��0DUWLQH]�6��%OXPEHUJ�-��5XV]QLHZVNL�3��&/$5,1(7�,QYHVWLJDWRUV��/DQUHRWLGH�LQ�PHWDVWDWLF�HQWHURSDQFUHDWLF�
QHXURHQGRFULQH�WXPRUV��1�(QJO�-�0HG��������������������>30,'�����������'2,����������1(-0RD�������@

�������

5D\PRQG�(��'DKDQ�/��5DRXO�-/��%DQJ�<-��%RUEDWK�,��/RPEDUG�%RKDV�&��9DOOH�-��0HWUDNRV�3��6PLWK�'��9LQLN�$��&KHQ�-6��
+|UVFK�'��+DPPHO�3��:LHGHQPDQQ�%��9DQ�&XWVHP�(��3DW\QD�6��/X�'5��%ODQFNPHLVWHU�&��&KDR�5��5XV]QLHZVNL�3��
6XQLWLQLE�PDODWH�IRU�WKH�WUHDWPHQW�RI�SDQFUHDWLF�QHXURHQGRFULQH�WXPRUV��1�(QJO�-�0HG��������������������>30,'��
���������'2,����������1(-0RD�������@

�������

<DR�-&��6KDK�0+��,WR�7��%RKDV�&/��:ROLQ�(0��9DQ�&XWVHP�(��+REGD\�7-��2NXVDND�7��&DSGHYLOD�-��GH�9ULHV�(*��
7RPDVVHWWL�3��3DYHO�0(��+RRVHQ�6��+DDV�7��/LQF\�-��/HEZRKO�'��gEHUJ�.��5$'����LQ�$GYDQFHG�1HXURHQGRFULQH�7XPRUV��
7KLUG�7ULDO��5$',$17����6WXG\�*URXS��(YHUROLPXV�IRU�DGYDQFHG�SDQFUHDWLF�QHXURHQGRFULQH�WXPRUV��1�(QJO�-�0HG�������
�������������>30,'�����������'2,����������1(-0RD�������@

�������

;X�-��6KHQ�/��%DL�&��:DQJ�:��/L�-��<X�;��/L�=��/L�(��<XDQ�;��&KL�<��<LQ�<��/RX�:��;X�1��%DL�<��=KDQJ�7��;LX�'��:DQJ�
;��<XDQ�<��&KHQ�-��4LQ�6��-LD�5��/X�0��&KHQJ�<��=KRX�=��+H�-��6X�:��6XUXIDWLQLE�LQ�DGYDQFHG�SDQFUHDWLF�QHXURHQGRFULQH�
WXPRXUV��6$1(7�S���D�UDQGRPLVHG��GRXEOH�EOLQG��SODFHER�FRQWUROOHG��SKDVH���VWXG\��/DQFHW�2QFRO���������������������
>30,'�����������'2,����������6��������������������@

�������

6WURVEHUJ�-��(O�+DGGDG�*��:ROLQ�(��+HQGLIDU�$��<DR�-��&KDVHQ�%��0LWWUD�(��.XQ]�3/��.XONH�0+��-DFHQH�+��%XVKQHOO�'��
2
'RULVLR�70��%DXP�53��.XONDUQL�+5��&DSOLQ�0��/HEWDKL�5��+REGD\�7��'HOSDVVDQG�(��9DQ�&XWVHP�(��%HQVRQ�$��
6ULUDMDVNDQWKDQ�5��3DYHO�0��0RUD�-��%HUOLQ�-��*UDQGH�(��5HHG�1��6HUHJQL�(��gEHUJ�.��/RSHUD�6LHUUD�0��6DQWRUR�3��
7KHYHQHW�7��(ULRQ�-/��5XV]QLHZVNL�3��.ZHNNHERRP�'��.UHQQLQJ�(��1(77(5���7ULDO�,QYHVWLJDWRUV��3KDVH���7ULDO�RI����/X�
'RWDWDWH�IRU�0LGJXW�1HXURHQGRFULQH�7XPRUV��1�(QJO�-�0HG��������������������>30,'�����������'2,��
��������1(-0RD�������@

�������

6KDK�0+��*ROGQHU�:6��%HQVRQ�$%��%HUJVODQG�(��%ODV]NRZVN\�/6��%URFN�3��&KDQ�-��'DV�6��'LFNVRQ�39��)DQWD�3��
*LRUGDQR�7��+DOIGDQDUVRQ�75��+DOSHULQ�'��+H�-��+HDQH\�$��+HVOLQ�0�-��.DQGHHO�)��.DUGDQ�$��.KDQ�6$��.XYVKLQRII�%:��
/LHX�&��0LOOHU�.��3LOODULVHWW\�9*��5HLG\�'��6DOJDGR�6$��6KDKHHQ�6��6RDUHV�+3��6RXOHQ�0&��6WURVEHUJ�-5��6XVVPDQ�&5��
7ULNDOLQRV�1$��8ERKD�1$��9LMD\YHUJLD�1��:RQJ�7��/\QQ�%��+RFKVWHWOHU�&����1DWLRQDO�&RPSUHKHQVLYH�&DQFHU�1HWZRUN�
&OLQLFDO�3UDFWLFH�*XLGHOLQHV�LQ�2QFRORJ\��1HXURHQGRFULQH�DQG�$GUHQDO�7XPRUV�9HUVLRQ����������$YDLODEOH�IURP��
KWWSV���ZZZ�QFFQ�RUJ�/RJLQ"5HWXUQ85/ KWWSV���ZZZ�QFFQ�RUJ�SURIHVVLRQDOV�SK\VLFLDQBJOV�SGI�QHXURHQGRFULQH�SGI

�������

=KDR�-��=KDR�+��&KL�<��6DIHW\�DQG�(IILFDF\�RI�WKH�6���7HPR]RORPLGH�5HJLPHQ�LQ�3DWLHQWV�ZLWK�0HWDVWDWLF�
1HXURHQGRFULQH�7XPRUV��1HXURHQGRFULQRORJ\��������������������>30,'�����������'2,�������������������@

�������

6WURVEHUJ�-5��)LQH�5/��&KRL�-��1DVLU�$��&RSSROD�'��&KHQ�'7��+HOP�-��.YROV�/��)LUVW�OLQH�FKHPRWKHUDS\�ZLWK�FDSHFLWDELQH�
DQG�WHPR]RORPLGH�LQ�SDWLHQWV�ZLWK�PHWDVWDWLF�SDQFUHDWLF�HQGRFULQH�FDUFLQRPDV��&DQFHU��������������������>30,'��
���������'2,����������FQFU������@

�������

3DYHO�0��gEHUJ�.��)DOFRQL�0��.UHQQLQJ�(3��6XQGLQ�$��3HUUHQ�$��%HUUXWL�$��(602�*XLGHOLQHV�&RPPLWWHH��(OHFWURQLF�
DGGUHVV��FOLQLFDOJXLGHOLQHV#HVPR�RUJ��*DVWURHQWHURSDQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV��(602�&OLQLFDO�3UDFWLFH�
*XLGHOLQHV�IRU�GLDJQRVLV��WUHDWPHQW�DQG�IROORZ�XS��$QQ�2QFRO�������������������>30,'�����������'2,��
��������M�DQQRQF������������@

�������

5RJRZVNL�:��:DFKXáD�(��*RU]HODN�$��/HELHG]LĔVND�$��6XOĪ\F�%LHOLFND�9��,Ī\FND�ĝZLHV]HZVND�(��ĩRáQLHUHN�-��.RV�
.XGáD�%��&DSHFLWDELQH�DQG�WHPR]RORPLGH�FRPELQDWLRQ�IRU�WUHDWPHQW�RI�KLJK�JUDGH��ZHOO�GLIIHUHQWLDWHG�QHXURHQGRFULQH�
WXPRXU�DQG�SRRUO\�GLIIHUHQWLDWHG�QHXURHQGRFULQH�FDUFLQRPD���UHWURVSHFWLYH�DQDO\VLV��(QGRNU\QRO�3RO�������������������
>30,'�����������'2,����������(3�D���������@

�������

&KDW]HOOLV�(��$QJHORXVL�$��'DVNDODNLV�.��7VROL�0��$OH[DQGUDNL�.,��:DFKXáD�(��0HLURYLW]�$��0DLPRQ�2��*UR]LQVN\�
*ODVEHUJ�6��*URVV�'��.RV�.XGáD�%��.RXPDULDQRX�$��.DOWVDV�*��$FWLYLW\�DQG�6DIHW\�RI�6WDQGDUG�DQG�3URORQJHG�
&DSHFLWDELQH�7HPR]RORPLGH�$GPLQLVWUDWLRQ�LQ�3DWLHQWV�ZLWK�$GYDQFHG�1HXURHQGRFULQH�1HRSODVPV��1HXURHQGRFULQRORJ\�
�������������������>30,'�����������'2,�������������������@

�������

7ULOOR�$OLDJD�3��6SDGD�)��3HYHUL�*��%DJQDUGL�9��)XPDJDOOL�&��/DIIL�$��5XELQR�0��*HUYDVR�/��*XHULQL�5RFFR�(��3LVD�(��
&XULJOLDQR�*��)D]LR�1��6KRXOG�WHPR]RORPLGH�EH�XVHG�RQ�WKH�EDVLV�RI�2��PHWK\OJXDQLQH�'1$�PHWK\OWUDQVIHUDVH�VWDWXV�LQ�
SDWLHQWV�ZLWK�DGYDQFHG�QHXURHQGRFULQH�WXPRUV"�&DQFHU�7UHDW�5HY������������������>30,'�����������'2,��
��������M�FWUY������������@

�������

4L�=��7DQ�+��$VVRFLDWLRQ�EHWZHHQ�0*07�VWDWXV�DQG�UHVSRQVH�WR�DON\ODWLQJ�DJHQWV�LQ�SDWLHQWV�ZLWK�QHXURHQGRFULQH�
QHRSODVPV��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��%LRVFL�5HS����������>30,'�����������'2,����������%65��������@

�������

/HPHOLQ�$��%DUULWDXOW�0��+HUYLHX�9��3D\HQ�/��3pURQ�-��&RXYHODUG�$��&URV�-��6FRD]HF�-<��%LQ�6��9LOOHQHXYH�/��/RPEDUG�
%RKDV�&��:DOWHU�7��0*07�1(7�LQYHVWLJDWRUV��2��PHWK\OJXDQLQH�'1$�PHWK\OWUDQVIHUDVH��0*07��VWDWXV�LQ�
QHXURHQGRFULQH�WXPRUV��D�UDQGRPL]HG�SKDVH�,,�VWXG\��0*07�1(7���'LJ�/LYHU�'LV�������������������>30,'�����������
'2,����������M�GOG������������@

�������

<DQ�<��;X�=��'DL�6��4LDQ�/��6XQ�/��*RQJ�=��7DUJHWLQJ�DXWRSKDJ\�WR�VHQVLWLYH�JOLRPD�WR�WHPR]RORPLGH�WUHDWPHQW��-�([S�
&OLQ�&DQFHU�5HV��������������>30,'�����������'2,����������V����������������@

�������

:X�6��/L�;��*DR�)��GH�*URRW�-)��.RXO�'��<XQJ�:.$��3$53�PHGLDWHG�3$5\ODWLRQ�RI�0*07�LV�FULWLFDO�WR�SURPRWH�UHSDLU�
RI�WHPR]RORPLGH�LQGXFHG�2��PHWK\OJXDQLQH�'1$�GDPDJH�LQ�JOLREODVWRPD��1HXUR�2QFRO�������������������>30,'��
���������'2,����������QHXRQF�QRDE���@

�������

)DUDJR�$)��<HDS�%<��6WDQ]LRQH�0��+XQJ�<3��+HLVW�56��0DUFRX[�-3��=KRQJ�-��5DQJDFKDUL�'��%DUELH�'$��3KDW�6��0\HUV�
'7��0RUULV�5��.HP�0��'XEDVK�7'��.HQQHG\�($��'LJXPDUWK\�65��6HTXLVW�/9��+DWD�$1��0DKHVZDUDQ�6��+DEHU�'$��
/DZUHQFH�06��6KDZ�$7��0LQR�.HQXGVRQ�0��'\VRQ�1-��'UDSNLQ�%-��&RPELQDWLRQ�2ODSDULE�DQG�7HPR]RORPLGH�LQ�
5HODSVHG�6PDOO�&HOO�/XQJ�&DQFHU��&DQFHU�'LVFRY��������������������>30,'�����������'2,��
������������������&'��������@

�������

=DMąF�$��6XPRUHN�:LDGUR�-��/DQJQHU�(��:HUWHO�,��0DFLHMF]\N�$��3DZOLNRZVND�3DZOĊJD�%��3DZHOHF�-��:DVLDN�0��+XáDV��������

http://www.ncbi.nlm.nih.gov/pubmed/19704057
https://dx.doi.org/10.1200/JCO.2009.22.8510
http://www.ncbi.nlm.nih.gov/pubmed/25014687
https://dx.doi.org/10.1056/NEJMoa1316158
http://www.ncbi.nlm.nih.gov/pubmed/21306237
https://dx.doi.org/10.1056/NEJMoa1003825
http://www.ncbi.nlm.nih.gov/pubmed/21306238
https://dx.doi.org/10.1056/NEJMoa1009290
http://www.ncbi.nlm.nih.gov/pubmed/32966810
https://dx.doi.org/10.1016/S1470-2045(20)30493-9
http://www.ncbi.nlm.nih.gov/pubmed/28076709
https://dx.doi.org/10.1056/NEJMoa1607427
https://www.nccn.org/Login?ReturnURL=https://www.nccn.org/professionals/physician_gls/pdf/neuroendocrine.pdf
http://www.ncbi.nlm.nih.gov/pubmed/28817826
https://dx.doi.org/10.1159/000480402
http://www.ncbi.nlm.nih.gov/pubmed/20824724
https://dx.doi.org/10.1002/cncr.25425
http://www.ncbi.nlm.nih.gov/pubmed/32272208
https://dx.doi.org/10.1016/j.annonc.2020.03.304
http://www.ncbi.nlm.nih.gov/pubmed/30843182
https://dx.doi.org/10.5603/EP.a2019.0010
http://www.ncbi.nlm.nih.gov/pubmed/31167197
https://dx.doi.org/10.1159/000500135
http://www.ncbi.nlm.nih.gov/pubmed/34332293
https://dx.doi.org/10.1016/j.ctrv.2021.102261
http://www.ncbi.nlm.nih.gov/pubmed/32141507
https://dx.doi.org/10.1042/BSR20194127
http://www.ncbi.nlm.nih.gov/pubmed/30824408
https://dx.doi.org/10.1016/j.dld.2019.02.001
http://www.ncbi.nlm.nih.gov/pubmed/26830677
https://dx.doi.org/10.1186/s13046-016-0303-5
http://www.ncbi.nlm.nih.gov/pubmed/33433610
https://dx.doi.org/10.1093/neuonc/noab003
http://www.ncbi.nlm.nih.gov/pubmed/31416802
https://dx.doi.org/10.1158/2159-8290.CD-19-0582


/L�</�HW�DO��3DQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

6WDVLDN�0��%ąG]LXO�'��5]HVNL�:��5HLFKHUW�0��-DNXERZLF]�*LO�-��,QYROYHPHQW�RI�3,�.�3DWKZD\�LQ�*OLRPD�&HOO�5HVLVWDQFH�
WR�7HPR]RORPLGH�7UHDWPHQW��,QW�-�0RO�6FL����������>30,'�����������'2,����������LMPV��������@
&KDQ�-$��%ODV]NRZVN\�/��6WXDUW�.��=KX�$;��$OOHQ�-��:DGORZ�5��5\DQ�'3��0H\HUKDUGW�-��*RQ]DOH]�0��5HJDQ�(��=KHQJ�
+��.XONH�0+��$�SURVSHFWLYH��SKDVH�����VWXG\�RI�HYHUROLPXV�DQG�WHPR]RORPLGH�LQ�SDWLHQWV�ZLWK�DGYDQFHG�SDQFUHDWLF�
QHXURHQGRFULQH�WXPRU��&DQFHU����������������������>30,'�����������'2,����������FQFU������@

�������

%DUGDVL�&��6SDOODQ]DQL�$��%HQDWWL�6��6SDGD�)��/DIIL�$��$QWRQX]]R�/��/DYDFFKL�'��0DUFRQFLQL�5��)HUUDUL�0��5LPLQL�0��
&DSXWR�)��6DQWLQL�&��&HUPD�.��&DVDGHL�*DUGLQL�$��$QGULNRX�.��6DODWL�0��%HUWROLQL�)��)RQWDQD�$��'RPLQLFL�0��/XSSL�*��
*HOVRPLQR�)��,ULQRWHFDQ�EDVHG�FKHPRWKHUDS\�LQ�H[WUDSXOPRQDU\�QHXURHQGRFULQH�FDUFLQRPDV��VXUYLYDO�DQG�VDIHW\�GDWD�IURP�
D�PXOWLFHQWULF�,WDOLDQ�H[SHULHQFH��(QGRFULQH�������������������>30,'�����������'2,����������V����������������\@

�������

+DGRX[�-��0DOND�'��3ODQFKDUG�'��6FRD]HF�-<��&DUDPHOOD�&��*XLJD\�-��%RLJH�9��/HERXOOHX[�6��%XUWLQ�3��%HUGHORX�$��
/RULRW�<��'XYLOODUG�3��&KRXJQHW�&1��'pDQGUpLV�'��6FKOXPEHUJHU�0��%RUJHW�,��'XFUHX[�0��%DXGLQ�(��3RVW�ILUVW�OLQH�
)2/)2;�FKHPRWKHUDS\�IRU�JUDGH���QHXURHQGRFULQH�FDUFLQRPD��(QGRFU�5HODW�&DQFHU�������������������>30,'�����������
'2,����������(5&��������@

�������

6WXHYHQ�$.��.D\VHU�$��:HW]�&��$PWKDXHU�+��:UHH�$��7DFNH�)��:LHGHQPDQQ�%��5RGHUEXUJ�&��-DQQ�+��6RPDWRVWDWLQ�
$QDORJXHV�LQ�WKH�7UHDWPHQW�RI�1HXURHQGRFULQH�7XPRUV��3DVW��3UHVHQW�DQG�)XWXUH��,QW�-�0RO�6FL����������>30,'�����������
'2,����������LMPV��������@

�������

:X�:0��&KHQ�-��%DL�&0��&KL�<��'X�<4��)HQJ�67��+XR�/��-LDQJ�<;��/L�-1��/RX�:+��/XR�-��6KDR�&+��6KHQ�/��:DQJ�)��
:DQJ�/:��:DQJ�2��:DQJ�<��:X�+:��;LQJ�;3��;X�-0��;XH�+'��;XH�/��<DQJ�<��<X�;-��<XDQ�&+��=KDR�+��=KX�;=��
=KDR�<3��&KLQHVH�3DQFUHDWLF�6XUJHU\�$VVRFLDWLRQ��&KLQHVH�6RFLHW\�RI�6XUJHU\��&KLQHVH�0HGLFDO�$VVRFLDWLRQ��>7KH�&KLQHVH�
JXLGHOLQHV�IRU�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�SDQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV�������@��=KRQJKXD�:DL�.H�=D�=KL�������
������������>30,'�����������'2,����������FPD�M�FQ���������������������@

�������

0HUROD�(��$ORQVR�*RUGRD�7��=KDQJ�3��$O�7RXEDK�7��3HOOq�(��.RODVLĔVND�ûZLNáD�$��=DQGHH�:��/DVNDUDWRV�)��GH�0HVWLHU�
/��/DPDUFD�$��+HUQDQGR�-��&ZLNOD�-��6WURVEHUJ�-��GH�+HUGHU�:��&DSOLQ�0��&LYHV�0��YDQ�/HHXZDDUGH�5��6RPDWRVWDWLQ�
$QDORJV�IRU�3DQFUHDWLF�1HXURHQGRFULQH�7XPRUV��$Q\�%HQHILW�:KHQ�.L����,V�����"�2QFRORJLVW�������������������>30,'��
���������'2,����������RQFR������@

�������

&DUPRQD�%D\RQDV�$��-LPpQH]�)RQVHFD�3��&XVWRGLR�$��*UDQGH�(��&DSGHYLOD�-��/ySH]�&��7HXOH�$��*DUFLD�&DUERQHUR�5��
6SDQLVK�1HXURHQGRFULQH�7XPRU�*URXS��*(71(���2SWLPL]LQJ�6RPDWRVWDWLQ�$QDORJ�8VH�LQ�:HOO�RU�0RGHUDWHO\�
'LIIHUHQWLDWHG�*DVWURHQWHURSDQFUHDWLF�1HXURHQGRFULQH�7XPRUV��&XUU�2QFRO�5HS��������������>30,'�����������'2,��
��������V����������������@

�������

/DPEHUWL�*��)DJJLDQR�$��%ULJKL�1��7DIXWR�6��,EUDKLP�7��%UL]]L�03��3XVFHGGX�6��$OEHUWHOOL�0��0DVVLURQL�6��3DQ]XWR�)��
%DGDODPHQWL�*��5LFFDUGL�)��%XWWXULQL�*��*HOVRPLQR�)��'H�'LYLWLLV�&��0RGLFD�5��%RQJLRYDQQL�$��/D�6DOYLD�$��7RUFKLR�0��
&RODR�$��)HURQH�'��&DPSDQD�'��1RQFRQYHQWLRQDO�'RVHV�RI�6RPDWRVWDWLQ�$QDORJV�LQ�3DWLHQWV�:LWK�3URJUHVVLQJ�:HOO�
'LIIHUHQWLDWHG�1HXURHQGRFULQH�7XPRU��-�&OLQ�(QGRFULQRO�0HWDE�����������>30,'�����������'2,��
��������FOLQHP�GJ]���@

�������

3DYHO�0��ûZLNáD�-%��/RPEDUG�%RKDV�&��%RUEDWK�,��6KDK�7��3DSH�8)��&DSGHYLOD�-��3DQ]XWR�)��7UXRQJ�7KDQK�;0��
+RXFKDUG�$��5XV]QLHZVNL�3��(IILFDF\�DQG�VDIHW\�RI�KLJK�GRVH�ODQUHRWLGH�DXWRJHO�LQ�SDWLHQWV�ZLWK�SURJUHVVLYH�SDQFUHDWLF�RU�
PLGJXW�QHXURHQGRFULQH�WXPRXUV��&/$5,1(7�)257(�SKDVH���VWXG\�UHVXOWV��(XU�-�&DQFHU��������������������>30,'��
���������'2,����������M�HMFD������������@

�������

-DOEHUW�--��&DVFLDQR�5��0HQJ�-��%UDLV�/.��3XOJDU�6-��%HUWKRQ�$��'LQHW�-��.XONH�0+��7UHDWPHQW�3DWWHUQV�DQG�+HDOWK�
5HVRXUFH�8VH�$PRQJ�3DWLHQWV�ZLWK�0HWDVWDWLF�*DVWURHQWHURSDQFUHDWLF�1HXURHQGRFULQH�7XPRUV�7UHDWHG�DW�D�7HUWLDU\�
5HIHUUDO�&HQWHU��2QFRORJLVW�����������H����H����>30,'�����������'2,����������WKHRQFRORJLVW����������@

�������

*XHQWHU�5(��$ZHGD�7��&DUPRQD�0DWRV�'0��:KLWW�-��&KDQJ�$:��&KHQJ�(<��/LX�;0��&KHQ�+��/DSL�6(��-DVNXOD�6]WXO�5��
3XOPRQDU\�&DUFLQRLG�6XUIDFH�5HFHSWRU�0RGXODWLRQ�8VLQJ�+LVWRQH�'HDFHW\ODVH�,QKLELWRUV��&DQFHUV��%DVHO�����������
>30,'�����������'2,����������FDQFHUV��������@

�������

-LQ�;)��$XHUQKDPPHU�&-��,OKDQ�+��/LQGQHU�6��1|OWLQJ�6��0DXUHU�-��6S|WWO�*��2UWK�0��&RPELQDWLRQ�RI���)OXRURXUDFLO�ZLWK�
(SLJHQHWLF�0RGLILHUV�,QGXFHV�5DGLRVHQVLWL]DWLRQ��6RPDWRVWDWLQ�5HFHSWRU���([SUHVVLRQ��DQG�5DGLROLJDQG�%LQGLQJ�LQ�
1HXURHQGRFULQH�7XPRU�&HOOV�,Q�9LWUR��-�1XFO�0HG���������������������>30,'�����������'2,��
��������MQXPHG�����������@

�������

/HH�/��,WR�7��-HQVHQ�57��(YHUROLPXV�LQ�WKH�WUHDWPHQW�RI�QHXURHQGRFULQH�WXPRUV��HIILFDF\��VLGH�HIIHFWV��UHVLVWDQFH��DQG�
IDFWRUV�DIIHFWLQJ�LWV�SODFH�LQ�WKH�WUHDWPHQW�VHTXHQFH��([SHUW�2SLQ�3KDUPDFRWKHU�������������������>30,'�����������'2,��
�����������������������������@

�������

)D]LR�1��%X]]RQL�5��%DXGLQ�(��$QWRQX]]R�/��+XEQHU�5$��/DKQHU�+��'(�+HUGHU�::��5DGHUHU�0��7HXOp�$��&DSGHYLOD�-��
/LEXWWL�6.��.XONH�0+��6KDK�0��'H\�'��7XUUL�6��$LPRQH�3��0DVVDFHVL�&��9HUVO\SH�&��$�3KDVH�,,�6WXG\�RI�%(=����LQ�
3DWLHQWV�ZLWK�(YHUROLPXV�UHVLVWDQW��$GYDQFHG�3DQFUHDWLF�1HXURHQGRFULQH�7XPRXUV��$QWLFDQFHU�5HV�������������������
>30,'����������@

�������

:ROLQ�(��0LWD�$��0DKLSDO�$��0H\HU�7��%HQGHOO�-��1HPXQDLWLV�-��0XQVWHU�31��3D]�$UHV�/��)LOYDURII�(+��/L�6��+HJH�.��GH�
+DDQ�+��0LWD�0��$�SKDVH���VWXG\�RI�DQ�RUDO�P725&��P725&��NLQDVH�LQKLELWRU��&&������IRU�QRQ�SDQFUHDWLF�
QHXURHQGRFULQH�WXPRUV�ZLWK�RU�ZLWKRXW�FDUFLQRLG�V\PSWRPV��3/R6�2QH�����������H��������>30,'�����������'2,��
��������MRXUQDO�SRQH��������@

�������

6FLDPPDUHOOD�&��/XFH�$��5LFFDUGL�)��0RFHULQR�&��0RGLFD�5��%HUUHWWD�0��0LVVR�*��&RVVX�$0��&RODR�$��9LWDOH�*��1HFDV�
$��)HGDFNR�-��*DOGLHUR�0��&RUUHDOH�3��)DJJLDQR�$��&DUDJOLD�0��&DSDVVR�$��*ULPDOGL�$��/DQUHRWLGH�,QGXFHV�&\WRNLQH�
0RGXODWLRQ�LQ�,QWHVWLQDO�1HXURHQGRFULQH�7XPRUV�DQG�2YHUFRPHV�5HVLVWDQFH�WR�(YHUROLPXV��)URQW�2QFRO����������������
>30,'�����������'2,����������IRQF�����������@

�������

.XONH�0+��5XV]QLHZVNL�3��9DQ�&XWVHP�(��/RPEDUG�%RKDV�&��9DOOH�-:��'H�+HUGHU�::��3DYHO�0��'HJW\DUHY�(��%UDVH�
-&��%XEXWHLVKYLOL�3DFDXG�/��9RL�0��6DOD]DU�5��%RUEDWK�,��)D]LR�1��6PLWK�'��&DSGHYLOD�-��5LHFKHOPDQQ�53��<DR�-&��$�
UDQGRPL]HG��RSHQ�ODEHO��SKDVH���VWXG\�RI�HYHUROLPXV�LQ�FRPELQDWLRQ�ZLWK�SDVLUHRWLGH�/$5�RU�HYHUROLPXV�DORQH�LQ�
DGYDQFHG��ZHOO�GLIIHUHQWLDWHG��SURJUHVVLYH�SDQFUHDWLF�QHXURHQGRFULQH�WXPRUV��&223(5$7(���WULDO��$QQ�2QFRO�����������
�����>30,'�����������'2,����������DQQRQF�PG]���@

�������

%DXGLQ�(��%HUUXWL�$��*LXOLDQR�0��0DQVRRU�:��%RELUFD�&��+RXWVPD�(��)DJDQ�1��2EHUJ�.�(��)HUROOD�3��)LUVW�ORQJ�WHUP��������

http://www.ncbi.nlm.nih.gov/pubmed/34068110
https://dx.doi.org/10.3390/ijms22105155
http://www.ncbi.nlm.nih.gov/pubmed/23733618
https://dx.doi.org/10.1002/cncr.28142
http://www.ncbi.nlm.nih.gov/pubmed/34231124
https://dx.doi.org/10.1007/s12020-021-02813-y
http://www.ncbi.nlm.nih.gov/pubmed/25770151
https://dx.doi.org/10.1530/ERC-15-0075
http://www.ncbi.nlm.nih.gov/pubmed/31234481
https://dx.doi.org/10.3390/ijms20123049
http://www.ncbi.nlm.nih.gov/pubmed/34102722
https://dx.doi.org/10.3760/cma.j.cn112139-20210319-00135
http://www.ncbi.nlm.nih.gov/pubmed/33301235
https://dx.doi.org/10.1002/onco.13633
http://www.ncbi.nlm.nih.gov/pubmed/28920153
https://dx.doi.org/10.1007/s11912-017-0633-2
http://www.ncbi.nlm.nih.gov/pubmed/31545377
https://dx.doi.org/10.1210/clinem/dgz035
http://www.ncbi.nlm.nih.gov/pubmed/34597974
https://dx.doi.org/10.1016/j.ejca.2021.06.056
http://www.ncbi.nlm.nih.gov/pubmed/31999024
https://dx.doi.org/10.1634/theoncologist.2019-0691
http://www.ncbi.nlm.nih.gov/pubmed/31163616
https://dx.doi.org/10.3390/cancers11060767
http://www.ncbi.nlm.nih.gov/pubmed/30796167
https://dx.doi.org/10.2967/jnumed.118.224048
http://www.ncbi.nlm.nih.gov/pubmed/29757017
https://dx.doi.org/10.1080/14656566.2018.1476492
http://www.ncbi.nlm.nih.gov/pubmed/26851029
http://www.ncbi.nlm.nih.gov/pubmed/31527867
https://dx.doi.org/10.1371/journal.pone.0221994
http://www.ncbi.nlm.nih.gov/pubmed/32766136
https://dx.doi.org/10.3389/fonc.2020.01047
http://www.ncbi.nlm.nih.gov/pubmed/31407000
https://dx.doi.org/10.1093/annonc/mdz219


/L�</�HW�DO��3DQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

UHVXOWV�RQ�HIILFDF\�DQG�VDIHW\�RI�ORQJ�DFWLQJ�SDVLUHRWLGH�LQ�FRPELQDWLRQ�ZLWK�HYHUROLPXV�LQ�SDWLHQWV�ZLWK�DGYDQFHG�
FDUFLQRLGV��1(7��RI�WKH�OXQJ�WK\PXV��3KDVH�,,�/81$�WULDO��-�&OLQ�2QFRO���������������������>'2,��
��������-&2�����������BVXSSO�����@
+LMLRND�6��0RUL]DQH�&��,NHGD�0��,VKLL�+��2NXVDND�7��)XUXVH�-��&XUUHQW�VWDWXV�RI�PHGLFDO�WUHDWPHQW�IRU�
JDVWURHQWHURSDQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV�DQG�IXWXUH�SHUVSHFWLYHV��-SQ�-�&OLQ�2QFRO���������������������>30,'��
���������'2,����������MMFR�K\DE���@

�������

3XVFHGGX�6��9HUQLHUL�&��'L�0DLR�0��0DUFRQFLQL�5��6SDGD�)��0DVVLURQL�6��,EUDKLP�7��%UL]]L�03��&DPSDQD�'��)DJJLDQR�$��
*LXIIULGD�'��5LQ]LYLOOR�0��&LQJDUOLQL�6��$UROGL�)��$QWRQX]]R�/��%HUDUGL�5��&DWHQD�/��'H�'LYLWLLV�&��(UPDFRUD�3��3HUIHWWL�9��
)RQWDQD�$��5D]]RUH�3��&DUQDJKL�&��'DYu�09��&DXFKL�&��'XUR�0��5LFFL�6��)D]LR�1��&DYDOFROL�)��%RQJLRYDQQL�$��/D�6DOYLD�
$��%ULJKL�1��&RODR�$��3XOLDILWR�,��3DQ]XWR�)��2UWRODQL�6��=DQLERQL�$��'L�&RVWDQ]R�)��7RUQLDL�0��%DMHWWD�(��7DIXWR�6��
*DUDWWLQL�6.��)HPLD�'��3ULQ]L�1��&RQFDV�/��/R�5XVVR�*��0LOLRQH�0��*LDFRPHOOL�/��%X]]RQL�5��'HOOH�)DYH�*��0D]]DIHUUR�
9��GH�%UDXG�)��0HWIRUPLQ�8VH�,V�$VVRFLDWHG�:LWK�/RQJHU�3URJUHVVLRQ�)UHH�6XUYLYDO�RI�3DWLHQWV�:LWK�'LDEHWHV�DQG�
3DQFUHDWLF�1HXURHQGRFULQH�7XPRUV�5HFHLYLQJ�(YHUROLPXV�DQG�RU�6RPDWRVWDWLQ�$QDORJXHV��*DVWURHQWHURORJ\������������
��������H��>30,'�����������'2,����������M�JDVWUR������������@

�������

9LWDOL�(��%RHPL�,��7DUDQWROD�*��3LFFLQL�6��=HUEL�$��9HURQHVL�*��%DOGHOOL�5��0D]]LRWWL�*��6PLUROGR�9��/DYH]]L�(��6SDGD�$��
0DQWRYDQL�*��/DQLD�$*��0HWIRUPLQ�DQG�(YHUROLPXV��$�3URPLVLQJ�&RPELQDWLRQ�IRU�1HXURHQGRFULQH�7XPRUV�7UHDWPHQW��
&DQFHUV��%DVHO�����������>30,'�����������'2,����������FDQFHUV��������@

�������

&RXYHODUG�$��2
7RROH�'��7XUOH\�+��/HHN�5��6DXYDQHW�$��'HJRWW�&��5XV]QLHZVNL�3��%HOJKLWL�-��+DUULV�$/��*DWWHU�.��
3H]]HOOD�)��0LFURYDVFXODU�GHQVLW\�DQG�K\SR[LD�LQGXFLEOH�IDFWRU�SDWKZD\�LQ�SDQFUHDWLF�HQGRFULQH�WXPRXUV��QHJDWLYH�
FRUUHODWLRQ�RI�PLFURYDVFXODU�GHQVLW\�DQG�9(*)�H[SUHVVLRQ�ZLWK�WXPRXU�SURJUHVVLRQ��%U�-�&DQFHU������������������>30,'��
���������'2,����������VM�EMF��������@

�������

;X�-0��:DQJ�<��&KHQ�</��-LD�5��/L�-��*RQJ�-)��4L�&��+XD�<��7DQ�&5��:DQJ�-��/L�.��6DL�<��=KRX�)��5HQ�<;��4LQJ�:*��
-LD�+��6X�:*��6KHQ�/��6XOIDWLQLE��D�QRYHO�NLQDVH�LQKLELWRU��LQ�SDWLHQWV�ZLWK�DGYDQFHG�VROLG�WXPRUV��UHVXOWV�IURP�D�SKDVH�,�
VWXG\��2QFRWDUJHW����������������������>30,'�����������'2,�����������RQFRWDUJHW������@

�������

&KDQ�-$��)DULV�-(��0XUSK\�-(��%ODV]NRZVN\�/6��.ZDN�(/��0F&OHDU\�1-��)XFKV�&6��0H\HUKDUGW�-$��1J�.��=KX�$;��
$EUDPV�7$��:ROSLQ�%0��=KDQJ�6��5HDUGRQ�$��)LW]SDWULFN�%��.XONH�0+��5\DQ�'3��3KDVH�,,�WULDO�RI�FDER]DQWLQLE�LQ�
SDWLHQWV�ZLWK�FDUFLQRLG�DQG�SDQFUHDWLF�QHXURHQGRFULQH�WXPRUV��S1(7����-�&OLQ�2QFRO��������������������>'2,��
��������-&2����������BVXSSO����@

�������

&DSGHYLOD�-��)D]LR�1��/RSH]�/RSH]�&��7HXOH�$��9DOOH�-�:��7DIXWR�6��&XVWRGLR�$�%��5HHG�1��5DGHUHU�0��*UDQGH�(��
*DUFLD�&DUERQHUR�5��-LPpQH]�)RQVHFD�3��$ORQVR�9��$QWRQX]]R�/��6SDOODQ]DQL�$��%HUUXWL�$��6HYLOOD�,��/D�&DVWD�0XQRD�$��
+HUQDQGR�&XEHUR�-��,EUDKLP�7��)LQDO�UHVXOWV�RI�WKH�7$/(17�WULDO��*(71(�������D�SURVSHFWLYH�PXOWLFRKRUW�SKDVH�,,�VWXG\�
RI�OHQYDWLQLE�LQ�SDWLHQWV��SWV��ZLWK�*��*��DGYDQFHG�SDQFUHDWLF��SDQ1(7V��DQG�JDVWURLQWHVWLQDO��JL1(7V��QHXURHQGRFULQH�
WXPRUV��1(7V���-�&OLQ�2QFRO����������������������>'2,����������-&2�����������BVXSSO�����@

�������

&DSGHYLOD�-��-LPHQH]�9DOHULR�*��0DUWLQH]�$��+HUQDQGR�-��,EUDKLP�7��)D]LR�1��/RSH]�&��7HXOH�$��9DOOH�:��7DIXWR�6��
&XVWRGLR�%��5HHG�16��5DGHUHU�0��*UDQGH�(��*DUFLD�&DUERQHUR�5��-LPpQH]�)RQVHFD�3��$ORQVR�9��&DVDQRYDV�2��3ODVPD�
ELRPDUNHU�VWXG\�RI�OHQYDWLQLE�LQ�JDVWURHQWHURSDQFUHDWLF�QHXURHQGRFULQH�WXPRUV�UHYHDOV�$QJ��DQG�)*)��DV�SUHGLFWRUV�RI�
WUHDWPHQW�UHVSRQVH��5HVXOWV�IURP�WKH�LQWHUQDWLRQDO�SKDVH�,,�7$/(17�WULDO��*(71(��������-�&OLQ�2QFRO����������������
�����>'2,����������-&2�����������BVXSSO�����@

�������

6WURVEHUJ�-5��&LYHV�0��+ZDQJ�-��:HEHU�7��1LFNHUVRQ�0��$WUH\D�&(��9HQRRN�$��.HOOH\�5.��9DORQH�7��0RUVH�%��&RSSROD�
'��%HUJVODQG�(.��$�SKDVH�,,�VWXG\�RI�D[LWLQLE�LQ�DGYDQFHG�QHXURHQGRFULQH�WXPRUV��(QGRFU�5HODW�&DQFHU�������������������
>30,'�����������'2,����������(5&��������@

�������

*UDQGH�(��&DSGHYLOD�-��&DVWHOODQR�'��7HXOp�$��'XUiQ�,��)XVWHU�-��6HYLOOD�,��(VFXGHUR�3��6DVWUH�-��*DUFtD�'RQDV�-��
&DVDQRYDV�2��(DUO�-��2UWHJD�/��$SHOODQL]�5XL]�0��5RGULJXH]�$QWRQD�&��$ORQVR�*RUGRD�7��'tH]�--��&DUUDWR�$��*DUFtD�
&DUERQHUR�5��3D]RSDQLE�LQ�SUHWUHDWHG�DGYDQFHG�QHXURHQGRFULQH�WXPRUV��D�SKDVH�,,��RSHQ�ODEHO�WULDO�RI�WKH�6SDQLVK�7DVN�
)RUFH�*URXS�IRU�1HXURHQGRFULQH�7XPRUV��*(71(���$QQ�2QFRO���������������������>30,'�����������'2,��
��������DQQRQF�PGY���@

�������

/X�0��=KDQJ�3��=KDQJ�<��/L�=��*RQJ�-��/L�-��/L�<��=KDQJ�;��/X�=��:DQJ�;��=KRX�-��3HQJ�=��:DQJ�:��)HQJ�+��:X�+��
<DR�6��6KHQ�/��(IILFDF\��6DIHW\��DQG�%LRPDUNHUV�RI�7RULSDOLPDE�LQ�3DWLHQWV�ZLWK�5HFXUUHQW�RU�0HWDVWDWLF�1HXURHQGRFULQH�
1HRSODVPV��$�0XOWLSOH�&HQWHU�3KDVH�,E�7ULDO��&OLQ�&DQFHU�5HV���������������������>30,'�����������'2,��
������������������&&5��������@

�������

6WURVEHUJ�-��0L]XQR�1��'RL�7��*UDQGH�(��'HORUG�-3��6KDSLUD�)URPPHU�5��%HUJVODQG�(��6KDK�0��)DNLK�0��7DNDKDVKL�6��
3LKD�3DXO�6$��2
1HLO�%��7KRPDV�6��/RONHPD�03��&KHQ�0��,EUDKLP�1��1RUZRRG�.��+DGRX[�-��(IILFDF\�DQG�6DIHW\�RI�
3HPEUROL]XPDE�LQ�3UHYLRXVO\�7UHDWHG�$GYDQFHG�1HXURHQGRFULQH�7XPRUV��5HVXOWV�)URP�WKH�3KDVH�,,�.(<127(�����
6WXG\��&OLQ�&DQFHU�5HV���������������������>30,'�����������'2,��������������������&&5��������@

�������

0XOYH\�&��5DM�13��&KDQ�-$��$JJDUZDO�55��&LQDU�3��+RSH�7�$��.ROOL�.��=KDQJ�/��&DODEUHVH�6��*UDERZVN\�-$��0RGDUUHVL�
/��.HOO\�9��6WRQHO\�'��0XQVWHU�31��5HLG\�'/��)RQJ�/��%HUJVODQG�(.��3KDVH�,,�VWXG\�RI�SHPEUROL]XPDE�EDVHG�WKHUDS\�LQ�
SUHYLRXVO\�WUHDWHG�H[WUDSXOPRQDU\�SRRUO\�GLIIHUHQWLDWHG�QHXURHQGRFULQH�FDUFLQRPDV��5HVXOWV�RI�3DUW�$��SHPEUROL]XPDE�
DORQH���-�&OLQ�2QFRO�������������������>'2,����������-&2����������BVXSSO����@

�������

0DWRV�*DUFLD�,��*UDQGH�(��*DUFLD�&DUERQHUR�5��/RSH]�&��7HXOH�$��&DSGHYLOD�-��$�PXOWLFRKRUW�SKDVH�,,�VWXG\�RI�
GXUYDOXPDE�SOXV�WUHPHOLPXPDE�IRU�WKH�WUHDWPHQW�RI�SDWLHQWV��376��ZLWK�DGYDQFHG�QHXURHQGRFULQH�QHRSODVPV��1(1V��RI�
JDVWURHQWHURSDQFUHDWLF��*(3��RU�OXQJ�RULJLQ��WKH�'81(�WULDO�*(71(��������-�&OLQ�2QFRO������������736�����736�����
>'2,����������-&2�����������BVXSSO�736����@

�������

.OHLQ�2��.HH�'��0DUNPDQ�%��&KDQJ�/HH�5��0LFKDHO�0��0LOHVKNLQ�/5��6FRWW�&/��/LQNODWHU�5��0HQRQ�6��7HEEXWW�1&��
3DOPHU�-��%HKUHQ�$��&HERQ�-6��$�SKDVH�,,�FOLQLFDO�WULDO�RI�LSLOLPXPDE�QLYROXPDE�FRPELQDWLRQ�LPPXQRWKHUDS\�LQ�SDWLHQWV�
ZLWK�UDUH�XSSHU�JDVWURLQWHVWLQDO��QHXURHQGRFULQH��DQG�J\QHFRORJLFDO�PDOLJQDQFLHV��-�&OLQ�2QFRO���������������������>'2,��
��������-&2�����������BVXSSO�����@

�������

6KHQ�/��<X�;��/X�0��=KDQJ�;��&KHQJ�<��=KDQJ�<��/L�=��;X�-��:HQJ�'��:X�&��0D�<��&KHQJ�.��:$1*�:��*DR�+��/L�<��
=KRX�-��6KL�+��7DQ�3��6X�:��6XUXIDWLQLE�LQ�FRPELQDWLRQ�ZLWK�WRULSDOLPDE�LQ�SDWLHQWV�ZLWK�DGYDQFHG�QHXURHQGRFULQH�
FDUFLQRPD��5HVXOWV�IURP�D�PXOWLFHQWHU��RSHQ�ODEHO��VLQJOH�DUP��SKDVH�,,�WULDO��-�&OLQ�2QFRO�����������H������H������>'2,��

�������

https://dx.doi.org/10.1200/JCO.2021.39.15_suppl.8574
http://www.ncbi.nlm.nih.gov/pubmed/34038547
https://dx.doi.org/10.1093/jjco/hyab076
http://www.ncbi.nlm.nih.gov/pubmed/29655834
https://dx.doi.org/10.1053/j.gastro.2018.04.010
http://www.ncbi.nlm.nih.gov/pubmed/32748870
https://dx.doi.org/10.3390/cancers12082143
http://www.ncbi.nlm.nih.gov/pubmed/15558070
https://dx.doi.org/10.1038/sj.bjc.6602245
http://www.ncbi.nlm.nih.gov/pubmed/28159938
https://dx.doi.org/10.18632/oncotarget.14942
https://dx.doi.org/10.1200/JCO.2017.35.4_suppl.228
https://dx.doi.org/10.1200/JCO.2019.37.15_suppl.4106
https://dx.doi.org/10.1200/JCO.2021.39.15_suppl.4113
http://www.ncbi.nlm.nih.gov/pubmed/27080472
https://dx.doi.org/10.1530/ERC-16-0008
http://www.ncbi.nlm.nih.gov/pubmed/26063633
https://dx.doi.org/10.1093/annonc/mdv252
http://www.ncbi.nlm.nih.gov/pubmed/32086343
https://dx.doi.org/10.1158/1078-0432.CCR-19-4000
http://www.ncbi.nlm.nih.gov/pubmed/31980466
https://dx.doi.org/10.1158/1078-0432.CCR-19-3014
https://dx.doi.org/10.1200/JCO.2019.37.4_suppl.363
https://dx.doi.org/10.1200/JCO.2017.35.15_suppl.TPS4146
https://dx.doi.org/10.1200/JCO.2019.37.15_suppl.2570


/L�</�HW�DO��3DQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV

:-* KWWSV���ZZZ�ZMJQHW�FRP ���� 0D\��������� 9ROXPH��� ,VVXH���

��������-&2�����������BVXSSO�H�����@
,WR�7��0DVXL�7��.RPRWR�,��'RL�5��2VDPXUD�5<��6DNXUDL�$��,NHGD�0��7DNDQR�.��,JDUDVKL�+��6KLPDWVX�$��1DNDPXUD�.��
1DNDPRWR�<��+LMLRND�6��0RULWD�.��,VKLNDZD�<��2KLNH�1��.DVDMLPD�$��.XVKLPD�5��.RMLPD�0��6DVDQR�+��+LUDQR�6��0L]XQR�
1��$RNL�7��2KWVXND�7��2NXPXUD�7��.LPXUD�<��.XGR�$��.RQLVKL�7��0DWVXPRWR�,��.RED\DVKL�1��)XMLPRUL�1��+RQPD�<��
0RUL]DQH�&��8FKLQR�6��+RULXFKL�.��<DPDVDNL�0��0DWVXED\DVKL�-��6DWR�<��6HNLJXFKL�0��$EH�6��2NXVDND�7��.LGD�0��
.LPXUD�:��7DQDND�0��0DMLPD�<��-HQVHQ�57��+LUDWD�.��,PDPXUD�0��8HPRWR�6��-1(76�FOLQLFDO�SUDFWLFH�JXLGHOLQHV�IRU�
JDVWURHQWHURSDQFUHDWLF�QHXURHQGRFULQH�QHRSODVPV��GLDJQRVLV��WUHDWPHQW��DQG�IROORZ�XS��D�V\QRSVLV��-�*DVWURHQWHURO�������
��������������>30,'�����������'2,����������V�����������������@

�������

6WURVEHUJ�-5��&DSOLQ�0(��.XQ]�3/��5XV]QLHZVNL�3%��%RGHL�/��+HQGLIDU�$(��0LWWUD�(��:ROLQ�(�0��<DR�-&��3DYHO�0(��
*UDQGH�(��9DQ�&XWVHP�(��6HUHJQL�(��'XDUWH�+��*HULFNH�*��%DUWDORWWD�$��'HPDQJH�$��0XWHYHOLF�6��.UHQQLQJ�(��)LQDO�
RYHUDOO�VXUYLYDO�LQ�WKH�SKDVH���1(77(5���VWXG\�RI�OXWHWLXP�����'27$7$7(�LQ�SDWLHQWV�ZLWK�PLGJXW�QHXURHQGRFULQH�
WXPRUV��-�&OLQ�2QFRO���������������������>'2,����������-&2�����������BVXSSO�����@

�������

&OHPHQW�'��1DYDONLVVRRU�6��6ULUDMDVNDQWKDQ�5��&RXUERQ�)��'LHULFN[�/��(FFOHV�$��/HZLQJWRQ�9��0LWMDYLOD�0��3HUFRYLFK�-�
&��/HTXR\�%��+H�%��)ROLWDU�,��5DPDJH�-��(IILFDF\�DQG�VDIHW\�RI����/X�'27$7$7(�LQ�SDWLHQWV��SWV��ZLWK�DGYDQFHG�
SDQFUHDWLF�QHXURHQGRFULQH�WXPRUV��3DQ1(7V���'DWD�IURP�WKH�1(77(5�5�LQWHUQDWLRQDO��UHWURVSHFWLYH�UHJLVWU\��-�&OLQ�2QFRO�
��������������������>'2,����������-&2�����������BVXSSO�����@

�������

1LFRODV�*3��$QVTXHU�&��/HQ]R�13��*U¡QE N�+��+DXJ�$��1DYDONLVVRRU�6��%HDXUHJDUG�-��*HUPDQQ�1��0F(ZDQ�6��:LOG�'��
+LFNV�5-��$Q�LQWHUQDWLRQDO�RSHQ�ODEHO�VWXG\�RQ�VDIHW\�DQG�HIILFDF\�RI����/X�VDWRUHRWLGH�WHWUD[HWDQ�LQ�VRPDWRVWDWLQ�UHFHSWRU�
SRVLWLYH�QHXURHQGRFULQH�WXPRXUV��1(7V���$Q�LQWHULP�DQDO\VLV��$QQ�2QFRO�����������6����6����>'2,��
��������M�DQQRQF�������������@

�������

&LYHV�0��3HOOH
�(��6WURVEHUJ�-��(PHUJLQJ�7UHDWPHQW�2SWLRQV�IRU�*DVWURHQWHURSDQFUHDWLF�1HXURHQGRFULQH�7XPRUV��-�&OLQ�
0HG���������>30,'�����������'2,����������MFP�������@

�������

*UDQGH�(��7HXOp�$��$ORQVR�*RUGRD�7��-LPpQH]�)RQVHFD�3��%HQDYHQW�0��&DSGHYLOD�-��&XVWRGLR�$��9HUD�5��0XQDUUL]�-��/D�
&DVWD�$��'tH]�--��*DMDWH�3��0ROLQD�&HUULOOR�-��0DWRV�,��&ULVWyEDO�(0��5XIILQHOOL�-&��3DODFLRV�-��*DUFtD�&DUERQHUR�5��7KH�
3$/%21(7�7ULDO��$�3KDVH�,,�6WXG\�RI�3DOERFLFOLE�LQ�0HWDVWDWLF�*UDGH���DQG���3DQFUHDWLF�1HXURHQGRFULQH�7XPRUV�
�*(71(��������2QFRORJLVW���������������H�����>30,'�����������'2,����������WKHRQFRORJLVW����������@

�������

7DQJ�/+��&RQWUDFWRU�7��&ODXVHQ�5��.OLPVWUD�'6��'X�<&��$OOHQ�3-��%UHQQDQ�0)��/HYLQH�$-��+DUULV�&5��$WWHQXDWLRQ�RI�WKH�
UHWLQREODVWRPD�SDWKZD\�LQ�SDQFUHDWLF�QHXURHQGRFULQH�WXPRUV�GXH�WR�LQFUHDVHG�FGN��FGN���&OLQ�&DQFHU�5HV����������������
�����>30,'�����������'2,��������������������&&5��������@

�������

$QGHUVRQ�30��*RUW]�-��3KDVH���VWXG\�RI�'5'��DQWDJRQLVW�&OS3�DJRQLVW�21&����LQ�QHXURHQGRFULQH�WXPRUV��-�&OLQ�2QFRO�
��������������������>'2,����������-&2�����������BVXSSO�����@

�������

:KLWH�%+��:KDOHQ�.��.ULNVFLXNDLWH�.��$ODUJRYD�5��$X�<HXQJ�7��%D]LQHW�3��%URFNPDQ�$��'X3RQW�0��2OOHU�+��/HPHOLQ�
&$��/LP�6RR�3��0RUHDX�%��3HULQR�6��4XLQQ�-0��6KDUPD�*��6KLQGH�5��6ZHU\GD�.UDZLHF�%��:RRVWHU�5��%LORGHDX�07��
'LVFRYHU\�RI�DQ�6675��7DUJHWLQJ�0D\WDQVLQRLG�&RQMXJDWH��3(1������ZLWK�3RWHQW�$FWLYLW\�LQ�9LWUR�DQG�LQ�9LYR��-�0HG�
&KHP���������������������>30,'�����������'2,����������DFV�MPHGFKHP��E�����@

�������

+DOSHULQ�'0��-RKQVRQ�0/��&KDQ�-$��+DUW�//��&RRN�1��3DWHO�90��6FKOHFKWHU�%/��&DYH�-��'RZODWL�$��%ODV]NRZVN\�/6��
0H\HU�7��(DGV�-5��&XOS�'��.ULNVFLXNDLWH�.��0HL�/��%LORGHDX�0��%ORVV�-��.XONH�0+��7KH�VDIHW\�DQG�HIILFDF\�RI�3(1�����
VRPDWRVWDWLQ�DQDORJ��66$��'0��FRQMXJDWH�LQ�SDWLHQWV��376��ZLWK�DGYDQFHG�*,�PLG�JXW�QHXURHQGRFULQH�WXPRU��1(7���
3KDVH���UHVXOWV��-�&OLQ�2QFRO���������������������>'2,����������-&2�����������BVXSSO�����@

�������

-RQDVFK�(��'RQVNRY�)��,OLRSRXORV�2��5DWKPHOO�:.��1DUD\DQ�9.��0DXJKDQ�%/��2XGDUG�6��(OVH�7��0DUDQFKLH�-.��:HOVK�
6-��7KDPDNH�6��3DUN�(.��3HULQL�5)��/LQHKDQ�:0��6ULQLYDVDQ�5��0.����������,QYHVWLJDWRUV��%HO]XWLIDQ�IRU�5HQDO�&HOO�
&DUFLQRPD�LQ�YRQ�+LSSHO�/LQGDX�'LVHDVH��1�(QJO�-�0HG����������������������>30,'�����������'2,��
��������1(-0RD�������@

�������

https://dx.doi.org/10.1200/JCO.2021.39.15_suppl.e16199
http://www.ncbi.nlm.nih.gov/pubmed/34586495
https://dx.doi.org/10.1007/s00535-021-01827-7
https://dx.doi.org/10.1200/JCO.2021.39.15_suppl.4112
https://dx.doi.org/10.1200/JCO.2021.39.15_suppl.4116
https://dx.doi.org/10.1016/j.annonc.2020.08.1373
http://www.ncbi.nlm.nih.gov/pubmed/33202931
https://dx.doi.org/10.3390/jcm9113655
http://www.ncbi.nlm.nih.gov/pubmed/32045050
https://dx.doi.org/10.1634/theoncologist.2020-0033
http://www.ncbi.nlm.nih.gov/pubmed/22761470
https://dx.doi.org/10.1158/1078-0432.CCR-11-3264
https://dx.doi.org/10.1200/JCO.2021.39.15_suppl.3002
http://www.ncbi.nlm.nih.gov/pubmed/30735385
https://dx.doi.org/10.1021/acs.jmedchem.8b02036
https://dx.doi.org/10.1200/JCO.2021.39.15_suppl.4110
http://www.ncbi.nlm.nih.gov/pubmed/34818478
https://dx.doi.org/10.1056/NEJMoa2103425


3XEOLVKHG�E\�%DLVKLGHQJ�3XEOLVKLQJ�*URXS�,QF�
�����.ROO�&HQWHU�3DUNZD\��6XLWH������3OHDVDQWRQ��&$��������86$�

7HOHSKRQH�����������������
(�PDLO��ESJRIILFH#ZMJQHW�FRP�

+HOS�'HVN��KWWSV���ZZZ�I�SXEOLVKLQJ�FRP�KHOSGHVN�
KWWSV���ZZZ�ZMJQHW�FRP

�������%DLVKLGHQJ�3XEOLVKLQJ�*URXS�,QF��$OO�ULJKWV�UHVHUYHG�

mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

